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Table A1 - Regressions of current catch on monthly and annua

abundance neasures for the species, market expenses, trip

frequencies, and denographic variables by zip code.

DEP VARI ABLE: REDS

PARAMETER STANDARD T FOR HO

VARl ABLE ESTI MATE ERROR PARAMVETER=0
| NTERCEP 0. 55995251 0. 30007121 1. 866
MVREDS 0. 36847595 0. 23700779 1. 555
AREDS -0. 10965756 0. 04224035 -2.596
MON -0. 000016971 0. 000118226 -0.144
NSWIRI P 0. 000788784 0. 000874304 0. 902
SI TETRI P 0. 005368462 0, 000797330 6. 733
PRETI RED 0. 85482835 0. 72060800 1.186
PSPANI SH 0. 75937497 0. 26831368 2.830
PSPNCENG 0.65719318 0. 83394446 0.788
PVI ETNAM -9. 52181432 4.10336572 -2.320
PURBAN -0. 18475126 0. 06936814 -2.663
PTEXNATV -0. 69407659 0.27218848 -2.550
PFFFI SH 4.39061789 1. 80245578 2.436
HHLDI NC 0. 000012134 0. 0000073043 1.661

DEP VARI ABLE: TROUT

PARAMETER STANDARD T FOR HO

VARI ABLE ESTI MATE ERROR PARAVETER=0
| NTERCEP 0. 32098798 0. 96852747 0.331
MMIROUT 0. 4602S04S 0.5518182S 0.834
ATROUT -0.10727163 0. 086S9900 -1.239
MON 0. 000344210 0. 000391106 0. 880
NSUTRI P 0. 000856360 0. 002804431 0. 305
SI TETRI P 0. 008488526 0. 0025S5053 3.322
PRETI RED - 2. 23625648 2. 31717300 -0. 965
PSPANI SH 2. 50439916 0. 90968459 2.7S3
PSPNCENG -4.76702938 2. 65016291 -1.799
PVIETNAM  -v10.54180776 13. 22176053 -0.797
PURBAN 0.007S74193 0. 22341404 0.034
PTEXNATV 1.61013946 0. 92900808 1.733
PFFFI SH 4.43354471 5. 80127597 0.764
HHLDI NC 0. 000016170 0. 00002341S 0.691



Table A 1, continued

DEP VARI ABLE: CROAK

VARI ABLE

| NTERCEP
MVCROAK
ACROAK
MON
NSWIRI P
SITETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER

ESTI MATE

3. 30401254
- 1. 23508097
0. 08828395

-0. 001526458
-0. 006019254
-0. 001736803

- 3. 96485185
-9. 44617850
16. 61375283
34. 13699452
1. 00645150
4. 46549691

- 26. 83794821
-0.000175471

DEP VARI ABLE: SAND

VARI ABLE

| NTERCEP
MMSAND
ASAND
MON
NSWRI P
SITETRI P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAX
PURBAN
PTEXNATV
PFPFI SH
HHLDI NC

PARAMETER

ESTI MATE

2. 60203861
0. 13525806
0. 34725560
0.003049747
0. 000772157
0.002321740
- 6. 69928574
-5. 85781967
8.36237511

-37. 14203944

1. 00236870
1. 47548162
18. 26459246

-0. 000122238

STANDARD

ERRCR

0. 98231253
0. 45744060
0. 09482006
0. 000391878
0. 002894183
0. 002636454
. 37842920
. 91612331
. 718349049
. 59965826
. 22970427
. 89550728
. 96099955
0. 000024158

|
IO O WNOMN

STANDARD
ERROR

1. 27890185
0. 62965032

0. 12388076
0. 000506331
0.003762673
0. 003427697
. 10020622
. 15362653
. 52678402
.67071748
. 29815854
. 15738569
. 13754036
0. 000031442

H
NP O~NWEF W

T FOR HO
PARAMETER=0

. 364
700
931
-3.895
-2.080
-0. 659
. 667
311
. 969
. 510
382
987
502
. 263

L}
] ) HI ]
A DPBMNUIOROMDWONW

T FOR HO
PARAMETER=0

035
. 215
. 803
023
205
677
161
. 818
.371
-2.102
362
275
. 361
. 888

L} ] 1
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Table A 1, continued

DEP VARI ABLE: BLACK

VARl ABLE

| NTERCEP
MMBLACK
ABLACK
MON
NSWIRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER

ESTI MATE

-0. 21504911
-0. 03098885
0. 02454022
-0. 000098978
-0. 000610036
0. 000872498
-0. 51376786
- 0. 88597982
2.70210744
-0. 11057677
0. 04845612
0. 66908968
0. 23180632
-. 0000017218

DEP VARI ABLE: SHEEP

VARl ABLE

| NTERCEP
HVBHEEP
ASHEEP
MON
NSWRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HH.DO NC

PARAMETER

ESTI MATE

0. 06836968
0.12234247
-0. 04147377
0. 000139507
0. 002547533
0. 000655088
-0. 22178639
0. 06904953
-0. 55274431
- 2. 34572452
0. 02545117
- 0. 002006479
2. 93979145
-. 0000027911

STANDARD

ERROR

0. 15372003
0. 11983304
0. 01586489
0. 000060809
0. 000452134
0. 000411767
0. 37191902
0. 13901951
0. 42860428
2.12731804
0. 03601018
0. 13901599
0. 93050578

. 00000377165

STANDARD

ERROR

0.21828737.

0. 15810969
0. 03175789
0. 000087330
0. 000636643
0. 000579990
0. 52319454
0. 19867934
0. 60979506
3. 01854217
0. 05043334
0.20671267
1. 31880893

. 00000531521

T FOR HO
PARAMETER=0

-1.399
-0. 259
. 947
628
349
119
381
373
304
052
346
813
. 249
-0. 457

L} L} L} L} L}
ocCokhrooorNNERROR

T FOR HO
PARAMETER=0

. 313
774
306
597
002
129
424
348
906
777
505
010
. 229
-0.525

L} L} 1 1 L}
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Table A 1, continued

DEP VARI ABLE: FLOUND

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERRCR PARAMETER=0
| NTERCEP -0. 01970803 0. 32426667 -0. 061
MVFLQOUND -0.61281021 0. 20575268 -2.978
AFLOUND - 0. 15836960 0. 03617201 -4.378
MON -0. 000077295 0. 000129670 -0. 596
NSWRI P 0. 007868546 0. 000943887 8. 336
SITETR P -0. 000819604 0.000860134 -0. 953
PRETI RED 1. 13867584 0. 78206752 1. 456
PSPANI SH 0. 98520829 0. 30517406 -3.228
PSPNCENG 2.04588931 0.91854214 2.227
PVl ETNAM 1. 06771366 4.44847267 0. 240
PURBAN 0. 16953815 0. 07518352 2.255
PTEXNATV 0. 63002837 0. 30251588 2.083
PFPPI SH 1. 23657529 1. 94501820 -0. 636
HHLDI NC . 0000037847 . 00000789691 -0.479



Table A2 -

Regressions of current catch on major bay and
mont hly dummy vari abl es

DEP VARI ABLE: REDS

VARI ABLE

WN10
MN11

OO OOOO OO OOOCOO O

VARI ABLE

| NTERCEP

M3

PARAMETER

ESTI MATE

. 05034214

. 09586074
. 47034606
. 41556795
. 19918153
. 19034190
.39698000
87774944

04357481

. 04480128
. 20531995
. 38649084
. 39501347
. 26375298

DEP VAR ABLE: TROUT

PARAMETER

ESTI MATE

. 02945978
-0. 30959043

. 60509801

. 48200S34
-0. 45785320
- 0. 23295552
. 81081777

. 77603162

-0. 19569724
-0. 61720332
-0. 37767862
-0. 51615104
-0. 43755749
. 08592488

1
OO0 O0OCO0OCO OFrocorOoCo N

OO OOOO OO ODODOOO O

OO O0OOO0OO0O OOOOOOOO O

STANDARD

ERROR

. 07581144

. 16287253
. 09943735
. 12293509
. 08094287
. 07985535
. 09674908
. 08008518

. 09756501
. 09810146
. 08224176
. 08346977
. 08322912
. 10148514

STANDARD
ERROR

. 24217103

. 52027779

. 31764131
. 39270218

25856281

. 25508884
. 30905394
. 25582300

. 31166034
. 31337396
. 26271195
. 26663468
. 26586596
. 32418277

T FOR HO

PARAMETER=0

o

. 664

. 589
730
. 380
. 461
. 384
. 103
. 960

447
. 457
. 497
. 630
. 746
. 599

-
NERNDOO ORNNWRO

T FOR HO

PARAMETER=0

(o]

. 380

-0.595
. 905
174
-1.771
-0.913
. 859
. 033

-0.628
970
-1.438
-1.936
. 646
-0. 265

1 1
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VARI ABLE
| NTERCEP

WN10
WN11

VARl ABLE
| NTERCEP

1 1 1
NOOOOO RLPNRRERRERRE -

1
0
1
0
1
0
-0.
1
0
0
1
0
0

-0

Table A2, continued

DEP VAR ABLE: CROAK

PARAMETER
ESTI MATE

. 80420655
. 15435967

-1. 44501071
-0. 96835590
-1. 22670089

12211734
80625121

-1.77502414

-0. 52584969
-0. 52478913

. 30543161
. 54887768
. 24721955
. 13844884

DEP VAR ABLE: SAND

PARAMETER
ESTI MATE

. 49360615

. 15665494
. 55240358
. 25885186

-1.05708742
- 1. 56950545
-2. 36323791
-1. 87517327

. 39706249

. 32002563
. 63333692
. 43997674
. 84778208

. 84404560

ODOOOODOO OOODOOCOO O

OO OOO OO0 OO0OOO O

STANDARD
ERRCR

. 25440856

. 54656879
. 33369255
. 41254645

27162867

.2679791S
. 32667124
. 26875041

. 32760935
. 32920957

27598747

. 28010843
. 27930087
. 34056457

STANDARD
ERRCR

. 32742378

. 70343395
. 42946227
. 53094723
. 34958605
. 34488913
.41785184
. 34588174

. 42137579
. 42369266
. 35519583
. 36049951
. 35946017
. 43830655

T FOR HO

PARAMETER=0

7.092

0.282
-4.330
-2. 347
516
456
-2.483
-6. 605

606
-1.594
. 730
. 960
. 885
-2.168

T FOR HO

PARAMETER=0

4.562

-2.497
. 615
371
024
591
656
421

942
75s
783
. 220
. 358
. 489
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Table A 2,

VARl ABLE

| NTERCEP

M1
M3
M4
MI5
MI6
M7
M8

N5
M6
N8
MN\9
WN10
W11

VARl ABLE

continu

ed

DEP VARI ABLE: BLACK

PARAMETER
ESTI MATE

20731884
. 02152089

-0, 12508682
-0, 12285552

-0. 15597693
-0. 11956589

13773178

-0. 15204360

-0. 07209143
-0. 04345460
-0. 01226179

0

0

0
0
0
0
0
0
-0.
0
0
0
0
0

. 02200455
14766722

, 05904913
DEP VARl ABLE: SHEEP

PARAMETER
ESTI MATE

. 12359373

-0. 19739614
-0. 01479838
-0. 06177563
-0. 07825227
-0. 14568843
-0. 24692556
-0. 15689291

clolololoNoNele)

0
-0.
0
-0.
0
0

. 05152056
007780611
. 03604168
004137654
. 05014380
. 47535803

OO O0OOOO OCOOOOOCO O

QOO ODOO OO OOO O

STANDARD
ERROR

. 03932264

. 08448036
. 05157716
. 06376521
. 04198426
. 04142017
. 05018278
. 04153938

. 05060600
. 05088425
. 04265798
. 04329494
. 04317011
. 05263933

STANDARD
ERRCR

. 05514031

. 11846289
. 07232426
. 08941499
. 05887258
. 05808159
. 07036899
. 05824875

. 07096245
. 07135262
. 05981731
. 06071048
. 06053545
. 07381370

T FOR HO

PARAMETER=0

5.272

. 255
. 425
927
715
-2. 887
. 145
660

425
854
287
508
421
122

Vo o [

T FOR HO

PARAMETER=0

N

241

666
205
691
329
508
509
693

726
-0.109
603
. 068
828
. 440

1 1 1 1 1 1 1 1
PO0O0O0O MWNROOR



Table A 2, continued

DEP VARI ABLE: FLOUND

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP 0. 82159657 0. 08199456 10. 020
M1 -0. 31496533 0. 17615627 -1.788
M3 -0. 30390463 0. 10754737 -2.826
M4 -0. 63615308 0. 13296157 -4.784
MI5 -0. 79315402 0. 08754450 -9. 060
M6 -0. 79126378 0. 08636828 -9. 162
M7 -0. 73886256 0. 10463985 -7.061
M8 -0. 63585291 0. 08661686 -7.341
MN\5 0. 06951967 0. 10552233 0. 659
N6 0. 13816270 0. 10610253 1.302
N8 0. 15535632 0. 08894932 1.747
N9 0. 05658948 0. 09027749 0. 627
WN10 0. 23391866 0. 09001721 2.599
WN11 0. 78029069 0. 10976219 7.109



Table A. 3 -

Regressions of current catch on nonthlv

abundance index-, denographic variables, and major bay

dummy vari abl es

DEP VARI ABLE: REDS

VARI ABLE
| NTERCEP
MVREDS
MON
NSWIRI P
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE
0. 08249090
0. 31460321

-0. 000126631

0. 000997362
0. 005338593

0. 40792992

0.94774237
-1. 92730218
-6. 30008634
-0. 17926668
- 0. 35985526
4.06562241
0. 000014557
. 22117083
. 41258319
. 29340746
. 11045001
. 14403815
. 36564235
. 80571613

QOO OOCOO

DEP VARI ABLE: TROUT

VARI ABLE

| NTERCEP
MMITROUT
MON
NSWITRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC
M1

M3

M4

PARAMETER
ESTI MATE

0. 32926072
0.72672191
0. 000418306
0. 001301984
0. 009021724
-1.40101257
2. 38954617
-6. 87307423
-5. 11369468
-0. 08751728
1. 51843888
1. 66646879
0. 000014731
-0. 12522173
0. 46603374
1. 42956747
-0. 73896336
-0. 56608140
1.58614179
0. 62707082

STANDARD
ERROR

0. 30620085
0. 24591373
0. 000119475
0. 000871506
0. 000792004
0. 72216553
0. 29027646
0. 94335117
4.13511627
0. 06960719
0. 28079594
1.79684467

. 00000727471

. 16308096
. 10128207
. 11918553
. 08697339
. 08637686
. 09914413
. 09778452

OO OOCOCOO

STANDARD
ERROR

0. 98058040

0. 51692313
0. 000383818
0. 002790464
0. 002535271
. 31274943
. 93836731
. 02935838
. 24493296
. 22300185
. 90477954
. 16057977
0. 000023296
. 51372014
. 32238217
. 38169115
. 29216032
. 27586664
. 30245190
. 32306103

[EEN
IO OWwWwonN

OO OOOOO

T FOR HO

PARAMETER=0

0. 269

1.279
-1. 060
144
741
565
. 265
-2.043
-1.524
-2.575
282
263
001
356
074
462
270
668
. 688
. 240

!

T FOR HO

PARAMETER=0

. 336
. 406
090
467
. 558
606
546
269
386
392
678
289
632
. 244
446
. 745
529
-2.052
. 244
. 941

1 L} L} 1 1 1
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Tabl e A. 3.

conti nued

DEP VARI ABLE: CROAK

VARI ABLE

| NTERCEP
MVCROAK
MON
NSWIRI P
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

2.66756373
- 3. 98638283

-0.001477013
-0. 006107054
-0. 001945570

-2. 84572618

-10. 44237560

21. 96652769
42.50799742
0. 88205153
4. 60465670

- 25. 60229589
-0. 000159420

-1. 32428223
-1. 26997939
-1. 09222587
-0. 23015884
2. 96516199
-0.10117965
-0. 30969034

DEP VARI ABLE: SAND

VARl ABLE

| NTERCEP
MVBAND
MON
NSWIRI P
SITETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI NATE

3. 49528262
0.72768171
0. 003208116
0. 000111362
0. 002300422
-6. 18159589
-4. 92447442
8. 32102379

-43. 08458320

0. 98033470
1. 59438668
20. 77898656

-0. 000125297
-1.26918171

-1. 80970744
-1. 69999347
-0. 93288233
- 1. 51242967
-1. 47083745
- 1. 88560063

STANDARD
ERROR

1. 00525808
0. 40759600
0. 000392887
0. 002860786
0. 002599357
2. 37166305
0. 96981335
3.12265143
13. 57571203
0.22857272
0. 92367915
5. 90128326
0. 000023899
. 52467711
. 32994369
. 39260972
. 28546340
. 32860335
. 31440281
. 32172324

OO OO OOO

STANDARD
ERRCR

1.33092771
0. 58049126
0. 000516215
0. 003769108
0. 003424049
3. 12377497
1. 25551174
4.07928230
17. 88205173
0. 30113908
1. 21376362
7.76855507
0. 000031474
0. 70113740
0. 44122254
0. 55660418
0. 41761009
0. 37264711
0. 46585384
0. 44713447

T FOR HO
PARAMETER=0

. 654
-9.780
759
. 135
. 748
. 200
. 767
035
131
859
985
338
671
524
849
782
806
. 024
-0.322
-0.963

cwoMdwWwWNhORRPLWWNORFRONMNDWON

T FOR HO
PARAMETER=0

. 626
. 254
. 215
030
672
979
-3.922
. 040
-2.409
. 255
. 314
675
981
810
102
-3. 054
-2.234
-4.059
-3. 157
-4. 217

1 1 1 1
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Table A3, continued

DEP VARI ABLE: BUCK

VARI ABLE

| NTERCEP
MVBLACK
MON
NSWTRI
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC
M1

M3

M4

M5

M6

M7

M8

PARAMETER
ESTI MATE

-0. 06527348
-0. 03127245
-0. 000069184
-0. 000675180
0. 000844350
-0. 38407660
-0. 81824332
2. 86581250
-1. 20317407
0. 04742877
0. 58276254
0. 39924427

-. 0000024413

-0. 04210067
-0. 12673404
-0. 15692987
-0. 11390689
-0. 06697295
-0. 10752456
. 21494500

1
OO ODOCOOO

DEP VARI ABLE: SHEEP

VARl ABLE

| NTERCEP
MVSHEEP
MON
NSWITRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHL.O NC

PARAMETER
ESTI MATE

0. 18397633
0. 19706534
0. 000146931
0. 002501075
0. 000654810
-0. 10899880
0. 18634607

-0. 98841053

- 3. 18386372
0. 02463802
0. 03107763
2.90768177

-. 0000038586

-0. 11879970
-0. 08906114
-0. 18881993
-0. 11501370
-0. 16932811
-0. 21894058
-0. 22701709

.0

STANDARD
ERRCR

0. 15959629
0. 12061281
0. 000062054
0. 000452805
0. 000411388
0. 37526227
“0.15091174
0. 49012528
2.14842043
0. 03617276
0. 14602230
0. 93388199

. 00000378035

. 08343432
. 05401686
. 06429929
. 04643952
. 04542878
. 04999241
. 05137572

OO OOOOO0O

STANDARD
ERROR

0. 22424085

0. 16868340
0. 000087682
0. 000638205
0. 000579796
. 52896178
. 21297531
. 69064803
. 02844868
. 05097815
. 20624852
. 32049588
000532886
. 11723539
. 07379417
. 09180317
. 06391136
. 06321095
. 06971473
. 08198620

OO O

O OO W

OO OO OOO0O

T FOR HO
PARAMETER=0

-0. 409
-0. 259
115
491
052
-1.023
-5.422
. 847
-0. 560
311
991
428
646
505
346
441
453
-1. 474
. 151
-4.184

NENORNNOOOWROUIUTIFRNE, PO

T FOR HO
PARAMETER=0

820
. 168
676
. 919
129
206
875
-1.431
051
483
151
202
724
013
-1. 207
-2. 057
. 800
. 679
141
-2.769

1 1 1 1 1 L} 1
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Tabl e A 3.

conti nued

DEP VARI ABLE: FLOUND

VARI ABLE

| NTERCEP
MVFLCOUND
MON
NSWIRI P
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV

PAMVETER
ESTI MATE

0. 21204966
-0. 49321815

-0. 000066724
0.007551138
-0. 000819620

1. 36027395
-0. 71324691
0. 81296362
0. 52069004
0. 16554232
0. 93747057
-0. 37430053

-.0000050267
-0. 35044016’
-0. 43350722
-0. 80589558

-0. 65223380

-0. 63117761
-0. 55085946

-0.42631471

STANDARD
ERRCR

0. 33183132
0. 21939866
0. 000129246
0. 000943757
0. 000857429
0. 78225188
0. 31584173
1. 02514679
4. 47714546
0. 07538672
0. 30394040
1. 9k690673

. 00000787969

. 17397636
. 10925459
. 12901976
. 10370180
. 09957913
. 10597766
. 10855894

QOO OOOO

T FOR HO
PARAMETER=0

. 639
. 248

516
001

. 956

739

. 258

793
116
196
084
192
638
014
968
246
290
338

-5.198

WOPDPPWNOOWNOONROPONO

927



Table Ada - Average “Annual” Actua
(for My-Nov 1987);

Catch Rates by Sanple Respondents
by Major Bay System

MAJOR AAREDS AATROUT AACROAK AASAND  AABLACK  AASHEEP  AAFLOUND
1 0.35000 1.44286 1.63571 0.75714 0.214286 0.064286 0.785714
2 0.21942 1.68155 1.92039 1.93689 0.219417 0.172816 0.982524
3 0.70226 2.34292 0.46612 0.19713 0.117043 0.119097 0.603696
4 0.57912 3.36027 0.99663 0.36364 0.090909 0.060606 0.202020
5 0.42059 1.29244 0.75575 1.05586 0.062432 0.118291 0.205915
6 0.45898 1.45691 2.21288 0.63344 0.115265 0.055036 0.236760
7 0.62898 3.56847 1.31051 0.15446 0.057325 0.007962 0.340764
8 1.16386 2.48221 0.33708 0.23034 0.086142 0.014045 0.331461
Table A.4b - COLS Regressions of Actual Individual Catch Rates on

Average Rates for Sanple Anglers (for
and for each bay, AAxxxxxx) .

DEP VARI ABLE: REDS

each bay and nonth, MMXXXXXX,

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP -0. 12266561 0. 29823802 -0.411
MAREDS 0. 95085659 0. 08092220 11. 750
VREDS - 0. 05043007 0.12278424 -0.411
MON -0. 000092812 0. 000115702 -0. 802
NSWIRI P 0. 000923382 0. 000857973 1.076
SITETRI P 0. 005093002 0. 000781527 6.517
PRETI RED 0. 45725770 0. 70551913 0. 648
PSPANI SH 0. 72133204 0.26179804 2.755
PSPNCENG -1.2285452S 0. 82771249 -1. 484
PVI ETNAM -4.92451856 4.04183705 -1.218
PURBAN -0. 18016933 “0.06794174 -2.652
PTEXNATV -0. 34731022 0. 26481849 -1.312
PFFFI SH 2.72013126 1. 76799000 1.539
HHLDI NC 0. 000013987 . 00000716232 1. 953



Tabl e A 4b, conti nued

DEP VARI ABLE: TROUT

VARl ABLE

| NTERCEP
MATROUT
AATROJT
MON
NSWIRI P
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

- 1. 36523478
0. 98197610
0. 006042790
0. 000286035
0. 001863515
0. 008918273
-1. 43720691
1. 43940886
- 3. 82852658
-2.07403981
-0. 07554478
1. 53446304
-1.98870119
0. 000010671

DEP VARI ABLE: CROAK

VARI ABLE

| NTERCEP
MACROAK
AACROAK
MON
NSWIRI P
SITETRI P
PRETI RED
PSPANI SH
PSPNCENG
m ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

1. 81057461
0. 83774972
0. 11396771

-0. 001215592
-0. 005338101
-0. 001572947

-1.90685717
- 8. 60976875
18. 04502300
31. 27438550
0. 82502684
3.72817129

-21. 13769899
-0. 000159098

STANDARD
ERRCR

0. 98998077
0. 10033556
0. 14070736
0, 000370669
0. 002757012
0. 002511557
. 26629296
. 84354198
. 58495718
. 94627157
. 21864170
. 84795042
. 68333396
0. 000023018

|
U‘IOONNOI\)

STANDARD
ERROR

0. 97371072
0. 06864557
0. 13693499
0. 000383033
0. 002844955
0. 002590113
2. 34453169
0. 88171963
2.73232498
13. 34679054
0. 22594926
0.87S67771
5. 86344930
0. 000023783

T FOR HO
PARAMETER=0

-1. 437
187
. 043
L7172
. 676
551
634
706
481
. 160
. 346
. 810
-0. 350
. 464

1 1 1 1
OCorooOrRrrOWOOO R

T FOR HO
PARAMETER=0

1. 859
204
832
174
876
-0. 607
-0. 813
-9.765
. 604
343
. 651
. 257
-3.605
-6. 690

1 1
WhWNODOCOORrWON



Tabl e A 4b, continued

DEP VARI ABLE: SAND

VARI ABLE

| NTERCEP
MASAND
AASAND
MON
NSWIRI P
SI TETRI P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

1. 04106408
0. 98233478
0. 11303100
0. 003017771

-0.001733434

0. 000968215
-5. 89965190
-4.58440729
7.47884232

-46. 01016400

0.91626869
1. 94350416
18. 23397447

-0. 000110765

DEP VARI ABLE: BLACK

VARl ABLE

| NTERCEP
MABLACK
AABLACK
MON
NSWIRI P
SITETRI P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0. 29092946
0. 96665317
-0. 09573732

-0. 000071042
-0. 000674880

0.000671392
-0. 26273281
-0. 61890961
2. 06309845
-0. 74833926
0. 04133539
0. 53988053
0. 35225404

- 5. 35967E- 07

STANDARD
ERRCR

1. 26437786
0. 07436923
0. 18715312
0. 000497673
0. 003701859
0. 003369551
3. 04239513
1. 14376694
3. 46885734
17.40831290
0. 29301929
1. 13489728
7.61793262
0. 000030901

STANDARD
ERRCR

0. 15268688
0. 09114036
0. 25278827
0. 000060670
0.000447214
0. 000407375
0. 36938636
0. 14299078
0. 43075110
2. 10625389
0. 03551921
0. 13864906
0. 92028645

. 00000374053

T FOR HO
PARAMETER=0

. 823
. 209
. 604
. 064
. 468
287
-1. 939
-4.008
. 156
-2.643
127
. 712
. 394
-3.585

' =
WP WNNAROOHO WO

T FOR HO
PARAMETER=0

. 905
606
379
-1.171
-1. 509
. 648
711
328
. 790
-0. 355
164
. 894
. 383
. 143

1 1 1
ocowrRro,ArORPPPOOR



Tabl e A 4b, continued

DEP VARI ABLE: SHEEP

VARl ABLE

| NTERCEP
MAVEEP
AASHEEP
MON
NWIRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0.09047019
0. 99441736
0. 04962667

0. 000051587

0. 002201864

0. 000382545
0. 05006948
0.01381854

- 0. 32208556

- 3. 32365172
0. 04434566
0. 04907053
2.55337512

-. 0000014707

DEP VARI ABLE: FLOUND

VARl ABLE

| NTERCEP
MAFmMI ND
AAFLOUND
MON
NSWRI P
SITETRI P
PRETI RRD
PSPANI SH
PSPNCRNG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0. 61623401
0.97594742
-0. 02183132

- 0. 000030626

0. 006652809

-0. 001277307

. 44956602
. 43520381
. 72106186
. 86240792
. 09270761
. 70903598
33088056

1 1
OO O RO OoORF

- 4. 07689E- 07

.0

STANDARD
ERROR

0. 20353089
0. 03670434
0. 31134446
0. 000080557
0. 000597400
0. 000544200
0. 49119093
0. 18550590
0. 55982006
2. 82850803
0. 04734667
0. 18406197
22902375

1
. 00000499508

STANDARD
ERROR

0. 31048537
0. 05182762
0. 10986631
0. 000124319
0. 000914079
0. 000831043
0. 75447296
0. 29352799
0. 88677081
4.30327459
0. 07250692
0. 28266255
1. 87895111
0000763403

T FOR HO
PARAMETER=0

. 445
. 093
159
640
686
703
102
.074
. 575
175
937
267
.078
-0.294

L} L}
ONOORROO0OO0O0OWOONO

T FOR HO
PARAMETER=0

-1.985
18. 831
196
246
278
-1. 537
.921
-1.483
813
433
279
508
-0. 176
-0. 053

1 1 L}
CONROORRRPLNOO®E



Table A4

- OLS Regressions of Actual

[ ndi vi dual

Catch Rates

on “Annual” Average Catch Rates (by bay system AAXxxxxx)

DEP VAR ABLE: REDS

VARl ABLE

| NTERCEP
AAREDS
MON
NSWIRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0.17221294
0. 88499989

-0. 000142307

0.001071111
0.005384716
0. 33591552
0. 82939290
- 1. 50245838
-6. 08247392
-0. 17038106
-0. 32388801
4.01044819
0.000014969

DEP VARl ABLE: TROUT

VARl ABLE

| NTERCEP
MIROUT
MON
NSWRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-1.46919676
0. 97625433
0. 000416560
0.001431302
0. 009029381
- 1. 53660877
. 05603824
-5. 21985591
-4.62037204
-0. 07380018
. 39479051
. 56510528
0. 00001598S

PFRPOPMOOINE

STANDARD
ERROR

0. 30189259
0. 09463395
0. 000117054
0.000868480
0.000790784
0. 71415935
0. 26486900
0. 83760654
4.09055782
0. 06877599
0. 26808275
78637790

1
. 00000725031

STANDARD
ERROR

0. 95805247

0. 10071020
0. 000373599
0. 002780255
0. 002533030
. 28566892
. 84838605
. 60313817
. 05445151
. 22051315
. 85508754
. 12027055
0. 000023209

[EEN
IO OWNON

T FOR HO
PARAMETER=0

-0. 570
9.352
-1.216
233
809
470
131
-1.794
487
477
208
245
065

L} L} L}
NNENDP P WO EE

T FOR HO
PARAMETER- 0

-1.534
. 694
115
. 515
565
672
423
-2.005
-0. 354
-0.335
. 631
274
. 689

L}
OCOROONNOWOR OR



Tabl e A 4c,

conti nued

DEP VARI ABLE: CROAK

VARI ABLE

| NTERCEP
AACROAK
MON
NSWIRI P
SITETR P
PRETI RED
PSPANI SH
PSPNOENG
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

2.28572714
0. 91638532

-0.001416135
-0. 006336075
-0. 001620966

- 2. 73498544

-10. 42514263

22.06274250
35. 64921090
0.87878673
4.15492950

- 26. 48~57430
-0. 000177231

DEP VARI ABLE: SAND

VARl ABLE

| NTERCEP
MSAND
MON
NSWITRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENG
VI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

6.
4.
7.
-43. 06236011
0.
1
0.

PARAMETER
ESTI MATE

1. 41489731

1. 08298286
0. 003137767
0. 000235592
0. 002220311
59692145
84730866
61299788

98954192
73664712

20. 49016673

-0. 000123535

STANDARD
ERROR

0. 98589955

0.12171787
0. 000387781
0. 002881682
0. 002624632
. 37478506
. 88066463
. 714857122
. 51980165
. 22891726
. 88664122
. 92496424
0. 000024053

[EEN
IO OWNODN

STANDARD
ERROR

1. 28379481
0. 17483291
0. 000505358
0. 003756601
0. 003420799
3. 08942598
1. 16144683
3. 52299589
17.67862787
0. 29754040
1. 15250486
7.73491401
0. 000031368

T FOR HO
PARAVETER- O

2.318
. 529
-3. 652
-2.199
-0.618
152
. 838
027
. 637
839
686
-4.471
-7.368

~NhAPwWNORRONWSN

T FOR HO
PARAMETER=0

102
.194
209
063
649
.135
-4.174
161
436
. 326
. 507
. 649
. 938

] L} ]
WNPRP WRNANOOODHR



Tabl e A 4c,

conti nued

DEP VARI ABLE: BLACK

VARl ABLE

| NTERCEP
AABLACK
MON
NSWITRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAM
PURSAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0. 26300398
0. 84957965

-0. 0000732, 71
-0. 000649917

0. 000826483
-0. 40638490
-0. 70453147
2.21811495
-1. 10922521
0. 04450246
0. 59054447
0. 35238792

-. 0000025102

DEP VARI ABLE: SHEEP

VARl ABLE

| NTERCEP
AASHEEP
MON
NSWIRI P
SITETR P
PRETI RED
PSPANI SH
PSPNCENC
PVI ETNAM
PURBAN
PTEXNATV
PFFFI SH
HHLDI NC

PARAMETER
ESTI MATE

-0. 03535211
1. 14481671
0. 000147038
0.002511729
0. 000648276
-0. 16218767
0. 14164609
-0. 72252764
-3.27210423
0.03013284
0. 01242447
2. 98360822

-. 0000038444

STANDARD
ERROR

0. 15420014
0. 23893440
0. 000061280
0. 000451707
0. 000411208
0. 37285190
0. 14419906
0. 43483440
2.12716746
0. 03587531
0. 13996088
0. 92954552

. 00000377348

STANDARD
ERROR

0. 21662870
0. 32859181
0. 000085663
0. 000635759
0. 000579156
0. 52276013
0.19738974
0. 59566819
3.01068062
0. 05039299
0.19591140
30807122

1.
. 00000531597

T FOR HO
PARAMETER=0

-1.706
556
196
439
010
090
886
101
-0.521
. 240
. 219
0.379
-0. 665

1 L} L} 1
ProgsrrNEROR

T FOR HO
PARAMETER=0

163
. 484
716
. 951
119
. 310
718
-1.213
-1. 087
. 598
. 063
. 281
. 123

] L} ]
ONOORIPOORWRWO



Tabl e A 4c,

conti nued

DEP VARI ABLE: FLOUND

PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAVETER=0
| NTERCEP -0. 59237667 0. 32028494 -1. 850
AAFLOUND 0. 92591610 0. 10075174 9.190
MON -0. 000037291 0. 000128243 -0. 291
NSWIRI P 0. 007522444 0. 000941733 7.988
SITETRI P -0. 000864638 0. 000856981 -1.009
PRETI RED 1.39301161 0.77828601 1.790
PSPANI SH -0. 65905648 0. 30254645 -2.178
PSPNCENG 1. 15633766 0. 91445592 1. 265
PVI ETNAM -0. 40499133 4.43841383 -0. 091
PURSAN 0. 16577954 0. 07468882 2.220
PTEXNATV 0. 77931103 0. 29156099 2.673
PFFFI SH -0. 12527303 1. 93823814 -0. 065
HHLDI NC -. 0000051086 0. 0000787083 -0. 649



Table A5 -
DEP VAR ABLE: NOPECPLE

Pretrip Motivation Questions: OLS Regressions

F-TEST  0.943
0BS 603
PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP 7.59185247 0. 44738621 16. 969
TARCR 0. 52836370 0. 24653310 2.143
TARGT -0. 34403082 0. 24382515 -1.411
TARGF 0. 47487337 0. 47290029 1.004
M1 0. 64433020 0. 41974765 1.535
M3 0. 84117457 0. 46032060 1.827
M4 0. 23616653 0. 44200330 0.534
MJ 5 0. 34060028 0. 46624780 0.731
M6 0.27210277 0. 50602718 0.538
M7 0.27241992 0. 54607083 0.499
M8 0. 46534192 0. 41754746 1.114
NS -0. 04077979 0. 38895224 -0. 105
N6 -0. 04905820 0. 34417911 -0.143
N8 -0. 37063712 0. 35045962 -1. 058
N9 0. 32841948 0. 39216770 0. 837
WN10 -0. 19742662 0. 36166775 -0. 546
WN11 -0. 09581740 0. 44172970 -0. 217
WKND -0. 01828012 0. 21044572 -0. 087
DEP VARI ABLE: NOPOLLUT
P TEST c 791
OBS 429
PARAMETER STANDARD T FOR HO

VARI ABLE ESTI MATE ERRCR PARAMETER=0
| NTERCEP 9. 28862007 0. 32744825 28. 367
TARGR -0. 06010503 0. 19483745 -0. 308
TARGT 0. 02721384 0. 18658810 0. 146
TARGF -0. 18077773 0. 37549661 -0.481
N1 0. 13636153 0. 30518053 0. 447
M3 0. 06243266 0. 36528564 0.171
M4 -0. 18281956 0. 27396226 -0. 667
M5 -0. 40245959 0. 35735465 -1. 126
M6 -0. 14210375 0. 33100665 -0.429
M7 0.02401744 0. 32870964 0.073
MJ 8 0. 08023961 0. 27896454 0.288
M\5 -0.007657418 0. 31921439 -0. 024
N6 0. 08823009 0. 32933579 0. 268
VN8 0. 19207957 0, 25276985 0. 760
M\9 0. 25429200 0. 27247807 0. 933
MN10 -0. 39582402 0. 27040307 -1. 464
WN11 -0. 28337536 0. 32430722 -0. 874
WKND 0. 10035740 0. 19787569 0. 507



DEP VARI ABLE: DOWHTWNT

F- TEST 1.385
BS 503
PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP 7. 709937k8 0. 44125530 17. 473
TARGR -0. 19641401 0. 21523229 -0.913
TARGT 0. 10541805 0. 21296736 0.495
TARGF 0. 26082970 0. 39672252 0. 657
M1 0. 80886667 0. 48840354 1.656
M3 1. 33626023 0. 43315279 3.085
N4 0. 77824468 0. 43810012 1.776
MI5 0. 80050893 0. 42618053 1.878
M6 0. 48155068 0. 40874203 1.178
M7 1, 08142499 0. 43207201 2.503
M8 0. 89569917 0. 46663572 2.005
NS 0. 50210737 0. 40968952 1.226
N6 0. 09873351 0. 31592841 0.313
M\8 0, 60081590 0. 37690952 1.594
M\9 -0. 13628211 0. 31189957 -0. 437
WN10 0. 002551616 0. 35379013 0. 007
WN11 0. 19458545 0. 39803834 0. 489
VKND 0. 14459588 0. 25298011 0.572
DEP VARI ABLE: KEEPFI SH
F- TEST 2.619
OBS 536
PARAMETER STANDARD T FOR HO

VAR ABLE ESTI MATE ERRCR PARAMETER=0
| NTERCEP 8. 09163143 0. 39754566 20. 354
TARGR -0. 63493893 0. 28813687 -2.204
TARGT -0. 03000512 0. 28608262 -0.105
TARGF 1. 16005118 0. 51360011 2.259
M1 -0. 67785857 0. 48409302 -1. 400
M3 -0. 89785739 0. 42731459 -2.101
M4 -0. 21607825 0. 51354355 -0. 421
M5 -1. 01361087 0. 52192311 -1. 942
M6 - 1. 04931986 0. 49730779 -2.110
M7 -0. 41688883 0. 45091149 -0. 925
M8 -0. 25730722 0. 45696247 -0.563
R Ns -0. 14119910 0. 54846485 -0. 257
N6 0. 22085293 0. 39028515 0. 566
N8 -0. 63595454 0. 36390967 -1.748
MN\9 1. 45515992 0. 48851570 2.979
WN10 0. 1882657S 0.36217584 0.520
WN11 -0. 67293081 0.44317159 -1.518
WKND 0. 21160550 0. 26132905 0. 810



DEP VARI ABLE: QUI ETI ME

F- TEST

oBS

VARI ABLE

| NTERCEP
TARR
TARGT
TARGF
M1

M3

M4

MI5

M6

MJ7

WN11

1.579
482

PARAMETER
ESTI MATE

8. 33047553

-0. 14268653
-0, 18754912

0. 03336624

-0. 73609622
-0. 70451833
-0. 56445054
- 1. 14804492
- 1. 34006483
-0. 29360849

0. 04573877

-0. 81118400
-0. 09321641

0. 08157845

-0. 10180406

0.22701246

-0. 45980224
-0. 058979884

DEP VARI ABLE: GOCDWIHR

F- TEST

0BS

VARI ABLE
| NTERCEP

TARGR
TARGT

VKND

2.759
381

PARAMETER
ESTI MATE

. 09707233

-0. 48646878

. 51229235

- 1. 49302896

. 40571747
. 09149043
. 12597107
. 48019072
. 23645655

-0. 26498057”

. 22708658

-0. 31701387

. 28035717
. 14411618
. 14428728
. 49489729
. 57428481
. 34439790

OO OPRPORrRPOO0OORrRPROORrRORPROo~

QOO0 ODODODODOODODODOOOOO

STANDARD
ERROR

. 58638878
. 29999957
. 30534004”
. 48896232
. 69983581
. 71501660
. 710372958
. 69315901
. 68904331
. 69167542
. 14465338
. 47981448

41382943

. 44580404
. 53428639
. 40778226
. 53274809
. 32476937

STANDARD
ERRCR

. 43106770
. 32599391
. 33760558
. 49194356
. 49441812
. 56904719
. 44476911
. 58953742
. 46327764
. 44679878
. 46512018
. 38871104
. 60295514
. 46022680
. 46974240
. 43572265
. 45843956
. 25591639

T FOR HO
PARAMETER=0

14. 206
-0.476
-0.614
0. 068
-1.052
-0.985
-0. 802
-1". 656
-1.945
-0.424
0. 061

T FOR HO
PARAMETER=0

16. 464
-1.492
517
-3.035
821
. 918
632
815
669
593
488
-0. 816
123
313
. 436
. 136
. 253
. 346

(o]

)



DEP VARI ABLE :
F- TEST

OBS

VARI ABLE

| NTERCEP
TARGR
TARGT
TARGF
M1

WN10
MN11
WKND

FRNDFMLY

1.233
406

PARAMETER
ESTI MATE

8. 54110823

-0. 59800573

0. 15487751
0. 46287229
0. 20963175
0. 66950705
0. 25996020
0. 46650183
0.60614119

-0. 09825039

0, 17366924

-1.35708719-

0. 35442366
0. 09749444
0. 15200115
0. 45811705
0. 19319351
0. 13095893

DEP VARI ABLE: ADVNEXCT

F- TEST

0BS

VARI ABLE

| NTERCEP
TARGR
TARGT
TARGF
M1
MJ3
M4
M5
M6
M7
M8
nN5
KN6
VN8
MN9
W10
MN11
WKND

1 1 1 1 1
OO OO ODOODOOORrRROCOOCOOON

1. 267
443

PARAMVETER
ESTI MATE “

. 25608143
. 23528665

-0. 26195517
-0. 14838342

. 03723037
. 92314231
. 0489124S
. 01363017

-0. 83621541

. 03118484
. 49056525

-0. 01289834

. 04472742
. 34816497
. 55696234
. 20256002
49999921
. 44184453

ofolololofofofololololofofofo Yoo Yol

STANDARD
ERROR

. 46254806
. 25565774
. 25328885
. 40689201
. 44760664
. 46462665
. 42541605
. 43289498

55775904

. 43264822
. 40604008
. 70293279
. 34017854

32599378
39173057

. 33971443
. 47315411
. 23814544

STANDARD
ERRCR

. 61347890
. 31342257

30524996

. 47233401
. 54138594
. 71890424
. 51960706
. 56859825

60606846

. 49129926
. 53133745
. 53358967
.49114189
. 46015875
. 54623163
. 52433722
. 52655699
. 26438608

T FOR HO
PARAMETER=0

18. 465
-2.339
. 611
. 138
468
441
611
078
087
-0. 227
428
-1. 931
. 042
299
388
. 349
408
. 550

COrOOrrOOrRrORrORrON®

T FOR HO
PARAMETER=0

11. 828
0.751
-0. 858
-0.314
0. 069
-1.284
-0. 094
1.783
-1. 380
0. 063
0.923
-0. 024
0.091
-0. 757
-1, 020
-0. 386
0. 950
1.671



Table AS, continued

DEP VARI ABLE: PRERELX

F- TEST 1.585

0BS 3722
PARAMETER
VARl ABLE ESTI MATE
| NTERCEP 8. 78987067
TARGR -0. 08702046
TARGT -0. 02271869
TARGF -0. 05306643
M1 -0. 009755689
M3 -0. 25145705
M4 -0. 36764056
M5 0. 03227412
MJ 6 0. 008712145
M7 0. 05884559
M8 -0. 003183858
M\5 0. 01144559
M\6 -0. 02560113
M\8 0. 13506010
N9 0. 01645299
WN10 0. 12827553
MN11 0. 08320163
WKND -0. 01423466

DEP VAR ABLE: PRECAT

F - TEST 2.063

0BS 3722
PARAMETER
VARI ABLE ESTI MATE
| NTERCEP 6. 56236349
TARGR 0. 09004818
TARGT 0. 12237258
TARGF 0. 52153433
N1 0. 15331075
M3 -0. 17609374
M4 0. 17431650
M5 0. 15514299
M6 0. S4007251
M7 0. 15005384
M8 0. 30449474
BINS -0. 10320669
HN\G6 -0. 22755882
VN8 0. 04694627
N9 -0, 14802188
WN10 -0. 10164869
WN11 0, 05654611
WKND 0. 11237509

OO OO OO OO ODODOOODODOOCOO

OO OO OO ODODOODOODOCDOCDOCDOO O

STANDARD
ERRCR

. 13274228
. 08311952
. 08253455
. 14142803
. 13606929
. 14111326
. 13622517
. 14489392
. 14303434
. 13821775
. 13112852
. 12708450
. 11183769
. 10587769
12161881
. 10739298
. 13371926
. 06462206

STANDARD
ERRCR

. 17428059
. 10912966
. 10836163
. 18568432
. 17864870
. 18527106
. 17885337
. 19023478
. 18779330
. 18146947
. 17216185
. 16685235
. 14683444
. 13900941
. 15967631
. 14099887
. 17556329
. 08484389

T FOR HO
PARAMETER=00

66. 218
-1. 047
-0. 275
-0.375
-0.072
-1.782
-2.699
0.223
0. 061
0.426

T FOR HO
PARAMETER=0
37. 654
825
. 129
. 809
858
. 950
975
816
876
827
. 769.
619
-1.550
338
-0. 927
-0.721
322
. 324

1 1



Tabl e A 66- For sanple interviewed both before and after
fishing trip; denographic, geographic, and seasonal variables

and their effects on extent to which “unpolluted natura
surroundings are a notivation for going-fishing.

DEP VARI ABLE: NOPOLLUT
F- TEST 1. 569

0BS 85
PARAMETER STANDARD T FOR HO
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP 19. 31015380 26. 92078701 0.717
HHLDI NC -0. 000493022 0. 000514831 0.958
PRETI RED -42. 07217646 41.08032759 -1. 024
PTEXNATV - 1. 35518067 28. 42559659 -0.048
PSPNCENG 6. 58063295 39, 05040280 0.169
PVI ETNA14 -109. 12039 406. 35400 -0. 269
PURBAN 0. 18671766 5. 03175573 0. 037
SI TETRI P 0. 04004085 0. 01082416 3.699
NSWIRI P 0. 02132592 0. 10230115 0. 208
MON 0. 005535399 0. 01279516 0.433
M -4. 17274793 8.7969222S -0.474
M3 -9. 84498903 9. 81685770 -1.003
M4 1. 22590283 8. 62253424 0.142
MI5 -2. 43125737 8. 03930377 -0. 302
MI6 4.13690974 6. 64660300 0. 622
M7 -5. 69727465 6. 63558981 -0. 859
M8 -15. 01756379 8. 27448287 -1.815
M\5 9. 44642008 7.95520190 1.187
M\6 4.20898200 7. 25488897 0.580
M\8 8. 30827846 6. 19106440 1.342
M\9 4.44008039 6. 23858464 0.712
WN10 0. 94326577 5. 99986399 0. 157
MN11 11. 91217331 6. 72034145 1.773
WKND 2.07968018 4.75885531 0.437



Table A 7 - Extent to which respondents were able to
“Experience Unpolluted Natural Surroundings .“ (n-858)
DEP VARI ABLE: NOPOLLUT
PARAVETER STANDARD T FOR HO.
VARI ABLE ESTI MATE ERROR PARAMETER=0
| NTERCEP 8.42190686 1. 00903630 8. 346
HHLDI NC -0.000011214 0. 000022673 -0.495
PRETI RED 1. 58102890 1. 96850152 0.803
PTEXNATV -0. 61188444 0. 85289639 -0.717
PSPNCENG -1. 28938826 1. 51495547 -0.851
PVI ETNAM 19. 42599903 11. 87295215 1.636
PURBAN 0. 08369006 0.19819351 0.422
M1 -0. 86422020 0. 36986443 -2. 337
M3 0. 32246599 0. 38965319 0.828
M4 0. 64005519 0. 25369335 2.523
M5 1.01771109 0. 35532066 2. 864
M6 0. 10662209 0. 31278854 0.341
M7 0.46076012 0. 29608459 1. 556
M8 0. 88094389 0. 32441647 2.715
M\3 0. 22148059 0. 35923225 0.617
VNG -0. 69695574 0.29829741 -2.336
M\8 -0. 02393900 0. 22370082 -0. 107
N9 -0. 18379131 0. 27529979 -0. 668
WNL0 -0. 02430656 0. 26243870 -0.093
MN11 0. 45402552 0. 35517060 1.278
WKND -0. 16900558 0, 19266161 -0. 877



Table A 8

Nat ural Surroundi ngs”

DEP VARI ABLE: NCPOLLUT

F- TEST

BS

VARI ABLE

| NTERCEP
MTURB
NVBAL
MDO
TRANSP
DI SO
RESU
NH4

NI TR
PHOS
CHLCRA
LCSSI GN
CHROVB
LEADB

4.192
695

PARAMETER
ESTI MATE

7.65156764
0. 000064889
0. 01185356
-0. 22131054
0. 02299990
0. 26350825
0. 009595514
3. 99552741
-1. 40780844
0. 14529883
0. 009712722
-0. 01482662

-0. 003165001

-0. 04634034

STANDARD
ERRCR

. 88693837
. 01043748
. 01791982
. 13894215
. 01366888
. 10926245
0. 007438127
. 69437706
. 18960581
. 41691553
. 02752364
. 02449996
. 01881366
. 01468208

OQOOOO

OQOOORKrRPFW

- OLS Regression of “Ability to Enjoy Unpolluted
on Measured Water Quality Variables

T FOR HO
PARAMETER=0

. 055
006
. 661
-1.593
683
412
.290
. 082
183
103
. 353
. 605
-0.168
-3.156

1 1
COORRPRPNRPRR,ROOR



Conmbi ni ng Contingent Valuation and Travel Cost Data
for the Valuation of Non-market Goods

by

Trudy Ann Caneron
Departnent of Econom cs
University of California, Los Angeles

ABSTRACT

Conti ngent valuation (CVW survey nethods are now being used quite
wi dely to assess the econom ¢ value of non-market resources. However, the
i nplications of these surveys have sometines net with a degree of skepticism
Here, hypothetical C/WM data are conbined with travel cost data on actual
mar ket behavior (exhibited by the same consuners) to internally validate the
inplied CW resource values. W estimate jointly both the parameters of the
underlying utility function and its correspondi ng Mirshalllan demand function.
Equi val ence of the utility functions inplied by the two types of data can be
tested statistically. Respondent and/or resource heterogeneity can be
accf?rr.rmdat ed readily. A sanple of Texas recreational anglers illustrates the
t echni que.

* This project has benefited greatly from hel pful coments and suggestions
provi ded by EE Laemer and by B.C. Ellickson, WM Hanemann, J. Hrshleifer,
D.D. Huppert, K. E. McConnell, RE Qandt, M \Waldman, and sem nar
participants at UCLA the 1988 SEA neetings, the University of British

Col unbi a, and Sinmon Fraser University. J. Cark and the Texas 'Departnent of
Parks and Wldlife generously provided the results of the survey (designed in
consultation with J.R Stoll of Texas A&M. M Gsborn at TPWprepared the
data. The Inter-university Consortium for Social and Political Research
provi ded Census data. This research is supported in part by EPA cooperative
agreenent # CR-814656-01-0.
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Conmbi ni ng Contingent Valuation and Travel Cost Data
for the Valuation of Non-market Goods

Econom sts have |ong been skeptical about the reliability of consumers
stated intentions, as opposed to their actions in the marketplace. The notion
that “actions speak |ouder than words” underlies nuch of the criticism of
survey methods as a basis for demand forecasting. In some situations,
however, market demand activity cannot be directly observed. Surveys and
other indirect methods are the only glinpses of demand rel ationships we have.
In these circumstances, it is valuable to explore methods by which researchers
can conbi ne survey responses and other available information to fornulate the
best possible characterization of demand when actual market observations “in
the field” are unattainable.

For a wide variety of environmental resources and public goods, the
absence of markets makes it extrenely difficult to establish a nonetary val ue
for access to these comodities. \Wenever A proposed change in policy affects
the quality or availability of these non-market goods, either explicit or
inplicit cost-benefit analysis must be undertaken at sonme point in the
deci sion process. For some tinme, econonmists have experinented with
alternative nethods of eliciting or inferring the social value of these non-
mar ket goods.

The famliar travel cost nethod (TCM popul arized by Cawson and Knetsch
(1966) has been widely applied in an extensive array of enpirical studies.

This method interprets variation in travel costs to a particular site where a



non-mar ket good is consumed as equivalent to the effect of a per-trip entrance
fee to the sane location. Subsequent research has provided nunerous
extensions and qualifications to the original travel cost nethod.

A somewhat newer, conpeting approach to valuation involves directly
asking individual consumers of the non-market good about its value. A
hypot hetical market scenario is described to each respondent and their
prof essed behavi or under that scenario is recorded. To avoid the connotations
of hypotheticality, this has been dubbed the ‘contingent valuation method”
(m). Despite the potential for a variety of biases in poorly designed CWM
surveys (described in detail in surveys by Cummi ngs, Brookshire, andSchulze,
1986, or Mtchell and Carson, 1988) there are still many situations where nore
realistic nethods (such as market simulations or actual narket experinents)
are prohibitively difficult, and where sonme of the other potential nethods,
such as hedoni ¢ housing price nmodels or hedoni c wage nodels, are
inappropriate, In these cases,it has generally been conceded that CWM
surveys, when interpreted cautiously, can provide useful information about the
characteristics of demand for a good not presently priced and traded in a rea
market.  The CW technique has also been widely appli ed.

Despite the semantic care in naming the CW the data it produces have
still been criticized as “hypothetical «nswers to hypothetical questions.”
Consequently, “external validation” of enpirical applications of CW has
received considerable attention in the literature. Some of these conpare CWM
and TCM others conpareCVM with other val uation nethods.

For exanple, Bishop and Heberlein (1979) and Bi shop, Heberlein and Kealy
(1983) pit CWM estimtes against TCM and the results of sinulated narket
experiments.  They conclude that CWM nechani sns produce “neaningful --al beit

i naccurate--economc information.” CvM and TCM are al so conpared by Sellar,



Stoll and Chavas (1985), who conclude that the two nmethods do provide
conparabl e estimtes of consuner surplus, and that whenever possible, both
met hods shoul d be used in future studies as a validity check on the results.

Schul ze, d"Arge and Brookshire (1981) deternmine that “all evidence
obtained to date suggests that the nost readily applicabl e nethodol ogi es for
eval uating environmental quality--hedonic studies of property values or wages,
travel cost, and [CW survey techniques--all yield values well wthin one
order of magnitude in accuracy. Such information. . . is preferable to conplete
ignorance.” Brookshire, Thayer, Schulze, and D Arge (1982) conpare CWM
estimates with a hedonic property value study. Regarding CVM they conclude
that “[although better accuracy would be highly desirable, in many cases
where no other technique is available for valuing public goods, this level of
accuracy is certainly preferable to no information for the decision-naking
process.”

Brookshire and Coursey (1987), on the other hand, compare hypothetical
non- mar ket CVM responses with market-like elicitation processes (Vernon
Smth's public good auction experiments in the |aboratory and in the field).
Compared to CW the narketplace appears to be “a strong disciplinarian” in
terms of limting the tendency for certain types of inconsistencies in
val uation responses.

In all these previous studies ained at external validation of the val ues
for non-market goods produced by CW the alternative measures of value were
obtai ned either by indirect nethods (the travel cost approach or hedonic wage
or rent functions) or by small sinulated market experinents. The point
estimates of value produced by each technique are generated by conpletely

separate nmodel s which are sonetimes even applied to conpletely separate



sanpl es of data. This makes rigorous statistical conparisons of the different
val ue estimates inpossible.

The new joint nmodels introduced in this paper also appeal to the
marketplace to “discipline” contingent valuation estimates, while at the same
time, the CWW information provides insights into the probable behavior of
respondents under conditions which are far renoved fromthe current narket
scenario. The innovation is that the validation occurs in the context of a
single joint nodel applied to a single sanple of respondents. Since we
col lect both CvM and TCM i nformation from each respondent, the joint nodel can
be estimated both with and without restrictions, allow ng the consistency of
the CW information and TCM information to be tested in a statistically
rigorous fashion. !

The new joint nodels described in this paper will be appropriate for a
whol e spectrum of non-market resource valuation taska wherever CWM or TCM have
been used separately before. For concreteness in this paper, however, we
concentrate on an enpirical application concerning the non-market demand for
access to a recreational fishery. The U.S. Fish and Wldlife Service
estimates that economc activity associated with recreational fishing
generated $17.3 billion in 1980 and $28.1 billion in 1985, and there are at
| east 60 million Americans who fish regularly (reported in Forbes, My 16,
1988, pp. 114-120). Recreational fisheries valuation has therefore attracted

consi derabl e policy-making interest over the past few years.’There are many

1 The conceptual framework for the econonetric inplementation is simlar to
model s of discrete/continuous choice enployed by Hanemann (1984) and byDubin
and MFadden (1984), but in the present case, the discrete choices are purely
hypot het i cal

“Anong current related policy issues, for exanple, is the quantification of
the social costs of acid precipitation (which kills fish and decreases the
consumer surplus associated with recreational fishing). These costs are



theoretical examinations and enpirical attenpts at valuation extant.® One
factor accounting for the proliferation of enpirical analyses is the
availability of vast quantities of survey data collected regularly for
fisheries managenent purposes.

Section | of this paper develops the |ogic whereby a discrete-choice
direct utility function can be nodified into an indirect utility difference
function (defined over fishing days and a conposite of all other goods). Then
this function and the corresponding Mirshallian demand function for fishing
access days can be nodeled jointly. Section Il describes a sanple of CW and
TCM data used to demonstrate this technique. Section Il describes
alternative stochastic specifications. Section IV provides a general outline
of the types of results these nodels generate. Section V goes into detail
regarding the specific enpirical results for a basic nodel and some useful

ext ensi ons.

. THE JO NTNESS OF CONTI NGENT VALUATI ON AND TRAVEL COST RESPONSES

A rigorous utility-theoretic tradition in the analysis of “discrete-
choice” CVM data was initiated by Hanemann (1984b), who el aborat ed
substantially upon earlier estimation procedures used by Bishop and Heberlein
(1979). The discrete choice (or “referendunf) format for CVM sumey questions
is often argued to be |less subject to some of the usual CVM biases than are

other fromats. Rather than asking the respondent to place his own specific

generally considered to be one of the nost substantial conponents of acid rain
damages

‘To cite only a few of the nore recent recreational fisheries studies:
McConnel I, 1979, Anderson, 1980, Sanples and Bishop, undated, MConnell and
Strand, 1981, Vaughn and Russell, 1982, Mrey and Rowe, 1985, Rowe, Morey,
Ross, and Shaw, 1985, Sanples and Bi shop, 1985, Donnelly, Looms, Sorg, and
Nel son, 1985, Morey and Shaw, 1986, Cameron and Janes, 1986, 1987, Thonson and
Huppert, 1987, Cameron 1988a, Caneron and Huppert, 1988, 1989, Agnello, 1988,
and McConnell and Norton, undated.



dol ar value on access to the resource, a single threshold value is offered
and the respondent is asked to indicate whether his personal valuation is
greater or less than this amount.

For the survey available for this study, the referendum CW question
seens nost easily interpreted as asking whether the respondent would entirely
cease to use the resource if the annual access fee (“tax”) were equal to T.A
Let Y be the respondent’s incone, let q be the current nunber of trips per
year to the recreation site, and let Mbe the respondent’s typical trave
costs (i.e. market cost of access and incidental expenses on conplenentary
mar ket goods associated with one trim.5

Wth cross-sectional data, it is convenient to begin by assunmng a
common utility function wherein access to the recreational resource can be
traded off against a conposite of all other goods and services, z, for which
the price can be nornalized to unity. If market goods (travel, etc.) are
consuned in fixed proportions with the nunber of recreation trips, then only
the nunber of trips appears separately in the utility function: Uzq) - UY-
My, q) .

Suppose a respondent to the CVM question indicates that he woul d
continue fishing under the hypothetical two-part tariff with fixed tax T and
marginal price M This inplies that his maxinum attainable utility when

payi ng the tax and enjoying «ccess exceeds his utility when forgoing all trips

‘A possible alternative interpretation of the question Is addressed in
Appendi x 1.

*These data do not allow accurate inmputation of the opportunity costs of
travel tinme. Rather than invoking a conpletely arbitrary guess about time
costs , we opt to ignore this conponent while acknow edging that the enpirica
results will certainly reflect this decision. To the extent that time costs
are inportant, the social values of access inplied by the travel cost portion
of the model will be underestimated.



and thereby avoiding both the tax and the travel costs associated with each

trip:

(1) AU(Y,M,T) - Maxy UyY-Mm-T,q) - YVv,0 >0, or
AV(Y,M,T) - V(Y-T,M - v(Y) >0,

where U signifies the direct utility function and V the corresponding indirect
utility. Crucially, as pointed out by MConnell (1988), the optimal quantity
demanded in the first termof the direct utility fornulation in (1) would be
endogenously determned and is presently unobserved

The TCM question, however, concerns the respondent’s optimal quantity
demanded under existing conditions. If the utility surface inplied by the
di screte-choice CW response truly describes the configuration of individuals’
preferences, then it should also be consistent with the current observed
behavi or, namely demand for access days in an environment where per-day
specific access prices (beyond M are currently zero.8 The Marshallian demand
function, g(Y,M, corresponding to the sane utility function will be given by

the maxi m zation of the Lagrangian:

(2) maxg, u(Y-M, q) s. t. Y=z + M.

Theoretically, the utility maximzing decisions of econonic agents,
whet her real or hypothetical, should reflect the same underlying structure of

preferences. Conditional on the extent to which the functional form chosen

6 Except for the hypothetical nature of the discrete choice question in the
contingent valuation context, the nodels used in this paper have nuch in
common with the strategies enployed in King (1980) and in Venti and Wse
(1984), where consunmer choices are nodeled explicitly as the result of utility
maximzation. In contrast, earlier enpirical discrete choice/demand nodel s
accommodat ed the choice process in a “reduced fornf manner sinilar to the
approaches used in the literature on switching regressions or sanple

sel ection



for Uz,q) is an adequate representation of the preferences of individuals in
this sanple, this supposition will be used to inpose parameter constraints
across the tw parts of the nodel. Requiring that respondents’ professed
behavior in a hypothetical context be consistent with their observed behavi or

in real markets should attenuate the degree of bias due to the hypothetica

nature of the CW question. In turn, the CW information allows the

researcher to “fill in” sone informtion about demand that iS not captured by
the range of the currently observable demand data and it can tenper biases in
the travel cost information due to underestimtion of the true opportunity
costs of access.

One key question to be addressed in this study is whether CW and TCM
data do indeed elicit the same preferences. \Wen paraneter constraints are
i mposed across two nodels, it is also possible to allow the corresponding
parameters to differ, taking on any values the data suggest. This option
allows for a rigorous statistical conparison of the different utility
configurations inplied by the CH and the TCM data.  Contingent on the
validity of the assunption of quadratic utility, one can test statistically
the hypothesis that the corresponding paraneters in the two nodels are the
same. This is inplicitly a test of whether professed behavior in the
hypot hetical nmarket is consistent with observed behavior ina real market. If
utility paraneter equivalence is rejected, then one mght suspect that the
contingent valuation technique and/or the travel cost nethod nmght be
unreliable in this specific application

Travel cost models seemto enjoy broader acceptance than CVM nodels,
al though rudimentary travel cost nodels like the one enployed here can also

have serious deficiencies. Fortunately, if the researcher harbors prior

opinions regarding the relative or absolute reliability of these two types of



information, these priors can be readily incorporated into the estimtion
process. Consequently, even if paranmeter equival ence is rejected initially,
there will be sone recourse.

In addition to these basic issues, this paper describes a nunmber of
ext ensi ons which denonstrate the flexibility of this nodel as a prototype for

subsequent work in non-market resource valuation

[1. AN | LLUSTRATI VE EXAMPLE

Bet ween May and Novenber of 1987, the Coastal Fisheries Branch of the
Texas Department of Parks and WIldlife conducted a major in-person survey of
recreational fishernen fromthe Mexico border to the Louisiana stat. line.
The “soci oeconom c¢” portion of the survey is nost pertinent here. The
speci fic CYM question asked of respondents was: “If the total cost of al
your saltwater fishing last year was ____ nore, would you have quit fishing
conpletely?” A the start of each survey day, interviewers randomy chose a
starting value fromthe |ist $50, $100, $200, $400, $600, $800, $1000, $1500,
$2000, $5000, and $20,000. On each subsequent interview, the next value in
the sequence was used. Therefore, offered values can be presumed to have no
correl ation whatsoever with the characteristics of any respondent. In
addition to this question, respondents were asked “How much will you spend on
this fishing trip fromwhen you left home until you get home?” The survey
al so established how many trips the respondent made over the last year to all
saltwater sites in Texas.” Five digit zip codes were collected, which allows

establishment of residency in Texas.

"Unfortunately, the duration of each trip is unknown, so it nust be assumed
that the mapjority are one-day trips, which may or may not be entirely
plausible. Here, the term“trip” is used synonymously with “fishing day.”
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Incone data were not collected fromeach respondent, but the five-digit
zip codes allow merging of the data with 1980 Census medi an househol d i ncones
for each zip code. Zip codes cover relatively honogeneous “neighborhoods,” at
| east when conpared to income data on the county level, for exanple
I ndi vidual s’ consunption patterns tend to conform somewhat to those of their
nei ghbors, so nedian zip code inconme may be a better proxy for “permanent”

di sposabl e incone than actual current self-reported inconme. There is high
variance in median incomes across zip codes, so the Census inconme variable may
actually make a substantial and accurate contribution to controlling for

i ncome heterogeneity anong the survey resmmdems.8

In other work utilizing the entire dataset (Caneron, Cark, and Stoll,
1988) it has been determned that subsets of individuals in the sanple exhibit
extreme behavior. The full sanple has therefore been filtered somewhat for
use in this demonstration study. Since the initial nmodels presume identica
underlying utility functions for all individuals, those who report nore than
sixty fishing trips per year are discarded fromthe sanple. It is relatively
likely that these individuals are atypical, since 90% of usable sanple reports
fewer than this nunber of days. The nedian number of trips reported is
between el even and twelve. This research is therefore clearly directed at
“typical” anglers.

It is also the case in the full usable sanple fromthe survey that some
i ndi vi dual s respond that they would keep fishing if the cost had been $20, 000

hi gher when $20, 000 exceeds the medi an househol d inconme of their zip code.

8 \Wile the use of group averages instead of individual incone informtion
undeni ably involves errors-in-variables conplications in the estimtion
process, the distortions may in fact be not nuch greater than they would be
with the use of self-reported inconme data in an unofficial context. It is
wel I known that many individuals have strong incentives to msrepresent their
incomes if they do not perceive a legal requirenent to state them correctly.
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Since the assignment of value thresholds was conpletely exogenous, the
estimating sanple includes only those respondents who were posed values up to
and including the $2000 offer. Everyone offered values greater than this was
excluded, regardless of their answer to the C/M question
The final criterion for inclusion in the sample for this study was that
a respondent should not report spending nore than $100 on this fishing trip.
Again, a very large proportion of the sanple passes this criterion. \Wen
mar ket expenditures are reported to be nuch larger than this, it seens
reasonabl e to suspect that capital items have been included, so that it would
be invalid to treat these costs as “typical” for a single fishing trip.
Current expenditures over $2000 were reported by several respondents.
Descriptive statistics for the variables used in this paper are

contained in Table |

[11. THE STOCHASTI C SPECI FI CATI ON

It may be helpful to think of the nodel developed in the follow ng
sections as a nonlinear analog to a nore famliar econometric nodel. The
conceptual framework is simlar to a systemof tw equations with one right-
hand side endogenous variable, cross-equation paranmeter restrictions, and a
non-di agonal error covariance matrix. However, one of the dependent variables
I's continuous and one is discrete, both equations are highly nonlinear in
paraneters, and the simultaneity in the nmodel involves an endogenous vari abl e
whi ch is not observed directly, but nust be counterfactually sinulated.

In order to have the option of constraining the coefficients of the
utility function (and hence the indirect utility function) as well as those of
the corresponding Mrshallian demand function to be identical, the discrete

choi ce nodel and the denmand equation nmust be estimated sinultaneously. To fix



Table |

Descriptive Statistics for the Variables
(n - 3366)

Acronym Description Mean Std. dev.

Y medi an househol d i ncone for respondent’s 3.1725 0.6712
S-digit zip code (in $10,000)" (1980 Census
scaled to reflect 1987 income; factor=1.699)

M current trip market expenditures, assuned 0. 002915 0. 002573
to be average for all trips (in $10,000)

T annual |unp sumtax proposed in CVM scenario 0. 05602 0. 04579
(in $10, 000)
~ reported total nunber of salt water fishing 17. 40 16. 12

trips to sites in Texas over the |ast year

i ndi cator variable indicating that respondent  0.8066 0. 3950
woul d choose to keep fishing, despite tax T

PVIET proportion of population in respondent’s 0. 002497 0. 006217
5-digit zip code clainmng Vietnanese ancestry

“Dol | ar-denominated quantities | re expressed in $10,000 units throughout
the study, so that squared income and squared net incone do not becone
too large, resulting in extremely small probit coefficient estimtes
which thwart the optimzation algorithm
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ideas , it is helpful to begin by considering the two conponents of the joint

nodel conpletely separately, ignoring any potential error correlation.

A A Separate CVM Choi ce Mdel

The decision to work within the framework of direct, rather than
indirect, utility functions buys easy characterization of the shapes of
consumer indifference curves. Under the hypothetical CW scenario, the
respondent is asked to choose between ceasing to use the resource and paying
no lunp-sumtax, or continuing to consune a revised optimal quantity of access
q(y-T,M at a new | ower net incone. Unless one can assune that there is no
income effect, q(Y-T,M will probably be less than the current optinal
quantity, q(Y,M. But if, for the initial exposition, it is tenporarily
assumed that the inconme elasticity of demand for access is zero, one can begin
by consi dering how the CW conponent of the joint nodel should be estimated.

It will be convenient to nodel the discrete choice elicited by the CUM
question using conventional maximum |ikelihood probit (rather thanlogit)
techni ques, where the underlying distribution of the inplicit dependent
variable, the true utility difference, is presuned to be Normal. Since
AU(Y,M,T) in equation (1) can at best be only an approxination, assume that
for the ith observation AU - AU* + e, Where ¢, is srandomerror term
distributed N(O, o%. au*, the systematic portion of the utility difference
on the right hand side of equation (1) will be represented in what follows as
£(x,,8).

I'n conventional probit nodels, AU~ is unobserved, but if au is “large”
(i.e. au, > 0), one observes an indicator variable, I; (the “yes/no”
response), taking on a value of one. Qherw se, this indicator takes the
value zero. In constructing the likelihood function for this discrete

response variable, the follow ng algebra is required:



13

(3) Pr( 13 - 1) =Pr (AU >0) =Pr (¢ >-f(xp, B).

i

Since ¢ has standard error u, dividing through by a will create a standard

normal randomvariable, Z, wth cumulative density function @.

(4 Pr(e>-x%x'8)-Pr (2>-fx.,8/0)
- Pr (Z<f(x,B)/0 )
- @ (f(x‘,ﬁ)/d)-

by the symmetry of the standard nornal distribution.

At best, in cases where £(x,,8) is linear-in-parameters, the vector g
can only be identified up to a scale factor, since it only ever appears in
ratio to u. (However, this is quite acceptable, because the solutions to the
consumer’s utility naximzation problemare invariant to nonotonic
transformations of the utility function.) The probability of observing I; - 0
is just the conplenent of Pr(l; - 1), namely 1 - & (£(x,,B)/0), so the log-

i keli hood function for n observations will be:
(5) log L - Z, l og [® (£(x,,B)/0)] + (1-1;) log (1 -(® (£(x,,B)/0)] }

I'f £(x,,8) was linear in g, and if g(Y-T,M could be observed or assumed
to be equal to g(Y,M, this separate discrete choice nodel could readily be
estimated by any nunber of maximum |ikelihood routines in packaged statistical
prograns (such u SAS or SHAZAM. For conpatibility with what follows,
however, when q(Y-T,H is made endogenous, this application requires a general
ME algorithm  (In this paper, the GQPT nonlinear function optimzation
package is used). The endogenous denmands, q(Y-T,M will be functions of the
same paraneters appearing in (5). \en the fornulas for these demands are
substituted into f(x,,8), these functions will usually no longer be Iinear

functions of the g paranmeters.
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B. A Separate Demand Model
The systematic portion of the TCM Mirshallian demand function resulting
fromthe optimzation problemin (2) will be denoted by g(x~~). In
estimating this nodel separately, one mght assume that q, - g(x,,8) + n,,
where . N(O v?). This suggests that nonlinear |east squares (by maxi num
l'i kelihood) is an appropriate estimation nethod
The log-Ilikelihood function associated with the demand nodel is

t herefore:
(6) log L- -(n/2)leg(2m) - n log U - (1/2) Z,([q, - g(x,,8)1/v)?

Again, there exist packaged conputational routines to estimte such
nonlinear models, but this application requires a general function
optimzation programto allow for subsequent constrained joint estinmation of

this model and the utility difference nodel

C.  Constrained Joint Estinmates, |ndependent Errors
To inpose the requirement that the two decisions (one real and one
hypothetical) reflect the identical underlying utility function, the CWM and
TCM nmodel s nmust be estimated sinultaneously. Wth independent errors, it is
sinple to conbine the two specifications by summing the two separate |og-
l'i kelihood functions and constraining the corresponding 8, coefficients in

each component to be the sane:

(7) log L = -(n/2)log(2x) - n log v - (1/2) T, ( [g - &(x,,8)1/v)?
+Z, (1 log [4 (£(x,8 /)] + (1 - 1j) log ( 1 -[® (£(x.,8)/0)] ) ).

D. Constrained Joint Estimates, Correlated Errors
Real i stically, unobservable factors which affect respondents’ answers to

the CW discrete choice question are sinultaneously likely to affect their
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actual nunber of fishing days demanded. To accommodate the influence of
unneasured variables, one can allow for a correlation, p, between the ¢ error
terms in the discrete choice nodel and the #, error terns in the demand

nodel . ° Assume that these errors have a bivariate normal distribution,

BUIN(O, O o2, v2, p).

In enmpirical discrete/continuous choice nodels, it is frequently nore
convenient not to work directly with the joint distribution of the errors.
Instead, one can take advantage of the fact that the joint density can be
represented equivalently as the product of a conditional density and a
marginal density. In order to derive the nodel with nonzero p, one can
exploit the fact that for a pair of standardized normal random variables, say
W and W, the conditional distribution of W, given W - w, is univariate
Normal with mean (o W) and variance (1 - p3).

Wien al lowing for nonzero values of p, then, the term &(f(x,8)/o) in

the discrete-choice portion of equation (7) will be replaced by:

(8 @ ( ((£(x,.8)/0) + pZi] I (1 - p2)1/2 )

where Z - [q - 8(x,,8)}/v, the standardized fitted error in the demand
function, evaluated at the current paraneter values. Cearly, if p- 0, this
model col | apses to the nodel with independent errors described in the previous

section.

V. AN EXPLICI' T FUNCTI ONAL FORM AND QLASSES OF RESULTS
The basic nmodel proposed in this paper (and its variants) uses a

quadratic direct utility specification for Uz,q). Oher discrete/continuous

91f the estimated value of the error correlation, p, is substantial and
statistically significant, one probably ought to generalize the specification,
if possible, to acconmpdate systematic heterogeneity across respondents.
Section V will address this issue.
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model i ng exercises have begun with an indirect utility function, since
comodity prices (rather than quantities) are nore plausibly assuned to be
exogenous for the typical consuner. In the present context, however, we
desire to maintain the geonmetric intuition behind direct utility functions and
their associated indifference tunes.|” W have selected the quadratic form
for the direct utility function because of its sinplicity and because a nunber
of other famliar specifications are unsuitable for the derivation of
associ ated Mrshallian demand functions (al so discussed in Appendix I1).

For identical consuners, the sinplest quadratic direct utility

specification is:
(9) Uz,q) =8,2Z + 8,09 + 8, 2212 + B, 20 + B, q2/2

Under the current scenario for the respondent, consunption of the Hicksian
conmposite good z is (Y - M) and q will be non-zero for anyone being

interviewed, so the utility function in (9) is really a function of Y and qll

(9a) u(Y,q) =8, (Y-My) + B, q + 8, (Y-Nh)2/2 + B, (Y-Mq)q + By qZ/Z

The specific formof the utility difference which dictates arespondent’s

answer to the CVW question will be linear in the same parameters as U

(10) AUCY,M,T) - £(x.,8) = B, ([Y-M-T] - Y) +8,q
+ By ([Y-M-T]2 - Y212 + B, [Y-My-T]q + B4 (q)%2.

0 A quadratic indirect utility version of the nodel is discussed in Appendix
[l.  Unfortunately, the calibrated nodel does not satisfy the regularity
conditions for valid indirect utility functions.

1l I n-person CW surveys typically sanple only current users of the resource.
Wien access price increases (or sinply positive access prices) are being
contenplated, this does not pose much of a problem However, when projected
scenarios involved inproved resource attributes, one nust really survey
potential users as well as current users to elicit an accurate nmeasure of
aggregat e demand responsi veness.
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The first order conditions for the Lagrangian in equation (2) yield a

correspondi ng Mrshallian demand for q of:

(11) Y, M - g(x,,8) = [ B, +8, Y-8 M-8 Y (M 1/
(28, (M - B, M - B, 1.

Since every additive termin both the nunerator and denominator ofthis
expression contains a nultiplicative g coefficient, the demand function is of
course invariant to the scale of the g vector. Consequently, it is necessary
to adopt some normalization of the demand function parameters (for exanple,

B, = 1, an entirely arbitrary and inconsequential choice). Thus the form of

the demand function actually estimated will be:

(12) QM - [ 1+ BHY- BB (M - BHY (M 1/
[ 280M) * (B;M) M2 . g ]

where Bz* By/B2-  Thi's demand function is highly non-linear in M

Crucially, when we endogenize the g in equation (10) by substituting the
formulas for q(Y-T,M based on the calibrated demand nodels in (11) or (12),
we are effectively converting the direct utility specification into an
indirect utility specification! But if the indirect utility function V(Y-T,M
- UY-T,q(Y-T,M) were to be witten out in full, it would be a conplex and
unappealing formula. Instead, we will describe our results in terns of the
inplied direct utility function Uz,q).

The central enpirical results in this study «re the estimtes of the
parameters of the assumed underlying quadratic direct utility function. Al
of the economcally interesting enpirical neasurenents in this paper are

derived fromthis calibrated utility function. Throughout, the enpirica
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utility function should exhibit properties which are consistent with economc

intuition about plausible shapes for these functions

First, the derivatives of the underlying direct utility function are:

(13) au/dz - B, + B,z + Ba a%usaz? - 8,
au/aq - B, + Bz + B a*u/aq’ - B,
3%U/3z3q - B,

The marginal utilities of the conposite good z and of access days q will
depend on the local values of z and q. \Whether or not each marginal utility
i's increasing or decreasing will be revealed by the signs of g, and .

If both g, and g, are negative, the fitted utility function wll be
global Iy concave, and a globally optimal combination of z and g wll be
inplied. The budget constraint wll be binding unless the inplied globa
optimumis attainable inside the budget set. The fornulas for the global

optimumw || be strictly in terms of the estimted coefficients:

(14) M =18, + 8, BBY 1 | 1B, - BBy ]
™ U= (g, - Ba%)/8,

Admi ssible fitted quadratic utility functions are not necessarily
strictly concave, however. The bundle at which both marginal utilities go to
zero may correspond to a saddle point of the conplete fitted utility function.
But only quasi-convexity in the positive orthant is required. To assess
conpliance with this regularity condition, one can easily exam ne the
configuration of the fitted utility function’s indifference curves.

An indifference curve through any arbitrarily chosen bundle (z',q') can
be identified by first determning the level of utility this bundle

represents:
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(15) Wo- 87 +p,q w2 /2820 + 8, a2

To find all other bundles (z,q) which provide utility U, one nerely sets up

the quadratic fornula for z:
(16) (B,/2)z% + (B, + Bz + [B,a + (B/2)? - U] - O

Plots of enpirical indifference curves are highly intuitive and relatively
novel and wi |l be used throughout the discussion to highlight the differences
in estimted preference structures.

Once the correspondi ng Marshallian demand function has been calibrated
by joint estimation of the utility paraneters, we are usually curious about

the inplied price and income derivatives:

(17) dq/ dM [ - (25‘H°ﬁauz'ﬂs) (ﬂf"ﬂaY) - 2(ﬂ2+ ‘Y-Biu'psm) (B"psn) ] /

(28,M-8%-8,)*
3q/3Y = [B-BM] | (28M-BM-B,]% .

From the demand curves, policy makers are also sonetines interested in
estimates of the resonation price. One sinply sets g - 0 in equation (11)
and solves the resulting quadratic fornula for (M. Guven the current |evel
of M the reservation level of any additional potential per-day access charge
can readily be determ ned.

One of the ultimate enpirical objectives of this research concerns
estimation of the total social value of recreational access to this fishery.
One neasure of value is the equivalent variation, E, which can be viewed as
the fixed tax which woul d make these anglers just indifferent between paying

the tax and continuing to fish, or not paying the tax and forgoing their
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fishing opportunities. Algebraically, Eis given by the equation MeXq U( Y- My-
E,q) - (Y,0).

But conpletely depriving everyone of access to the resource is an
extremely drastic proposition. So we also consider the equivalent variation
fornulas that give the social costs of limting access to a proportion a of
current (fitted) access levels, where O< a < 1. The equivalent variation
for such partial restrictions is given by MeX UY-M-Eq) - U(Y-aMq,aq).
Letting D - (28M - gM* - B,), R - (B,+8,Y-8M-8MY)/D and S - (8,-8,M)/D, the

value of Eis the solution of the quadratic formula:

(18) 0 - [ (g/2)(Ms-1)? - BSMS-1) + (ByD)S* ] E
+[ B,(MS-1) - B,S + By(Y-MR)(MS-1) + B (R(MS-1) - (Y-MR)S) - BRs | E
+[ - By(l-a)MR + B,(1-a)R + (B,/2) ((Y-MR)? - (Y-aMR)?)

+ B ((Y-MR)R - (y-aMR)(aR)) + (8,/2)(1- a®)R? ].

Wien a-0, the formula produces the equivalent variation for a conplete |oss of
access. \hile it would be desirable to conpute Taylor’s series approximtions
to the standard errors of the value of E conputed fromthe estimated g
paraneters, this would clearly be a daunting task.

An alternative nmeasure of value (the conpensating variation, C asks
what amount of noney would have to be given to a respondent who has been
denied sone or all of his access in order to |eave himequally well off as
before the intervention. Al gebraically, this Cis given by maxg UY-Hy,q) =

U Y+C 0). For a conplete |oss of access, Cis the root of the quadratic

formul a:

(19) 0- -(By2) O - (B, + A1) C

-BMa+ Bq + (B[ (Y-M)2 - Y + B,(Y-MQ)q + (B/2)q .
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A general formula for partial |oss of access could easily be devised, but this

paper will ‘focus on the equivalent variations

V. SPECI FI C EMPI RI CAL ESTI MATES
A The Basic Mdel

The “basic nmodel” constrains the quadratic direct utility paraneters and
the corresponding parameters in the Mrshallian demand function for fishing
days to be identical. The nodel initially assumes equal reliability of the
two types of information (CW and actual market demand), and allows the post-
tax quantity demanded in the discrete choice nodel to be determn ned
endogenously according to the sane demand function. The nodel also allows for
correlated errors in the two decisions. The pair of colums in Table Il
give these results (the second pair of colums will be discussed later). Both
the estimated quadratic direct utility function parameters and the
corresponding inplied (normalized) Mrshallian demand paraneters «re provided.

The utility function inplied by these parameter estimates is globally
concave, with a slightly positively sloped principal axes for the ellipses
that formits level tunes. (The relevant lower left portions of these curves
are interpreted as indifference curves). O course, the quadratic formis
merely a | ocal approximation to the true utility function. Nevertheless, if
the entire surface of the true utility function was quadratic, the apparent
gl obal optinmum of that function would be located at 28.4 fishing days and
$289,823 in nedian zip code incone (conpared to sanple means of 17.4 fishing
days and $31,725 in incone). Thus the utility function is well-behaved in the
relevant region. At the neans of the data, the two marginal utilities are
positive. The inplied price elasticity of demand at the neans of the data is
-0.074 and the incone elasticity is 0,078, although these elasticities change

substantially with deviations away fromthe sanple nean values. To establish



Table |1

Fitted Quadratic Direct Uility Paraneters
(wth and wthout parameters constrained to be identical
for CVM and TCM portions of nodel)

Constrai ned @ Unconstrai ned Bs

Par amet er Point Est. | npl i ed Point Est. | npl i ed
Br= B/B, (Asynp. t-ratio)  p= /B,

8, (2) 3. 309 27.76 1. 2760 0. 04530
(8.237)2 (0. 7457)
8, (9 0.1192 1.0 28. 17 1.0
(19. 55) (2.573)
8, (2%12) -0. 1167 -0. 9790 1. 498 0. 05318
(-1.836) (2.834)
8. (19) 0. 002579 0. 02164 2.263 0. 08033
(2.006) (2.147)
By (q212) -0. 006837 -0. 05736 -502.3 -17.83
(-22.80) (-1.311)
B, *=B./B - 75. 89
ooy (5.756)
B,*=B,/B - -10. 89
oy (-2.428)
B *=B./B, - -0. 01749
(-0.9029)
B*=B,/B - -0. 04739
P (-14.97)
v 16.01 15.97
(81.98) (82.04)
p 0. 2315 0. 2505
(9. 086) (9. 749)
mx Log L -15708. 17 -15640. 61¢

“Asynptotic t-ratios in parentheses.
"CW utility parameters do not satisfy regularity conditions.

“ Likelihood ratio test statistic for four paraneter restrictions - 115.12.
Equi val ence of utility paraneters is soundly rejected.
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a visual benchmark for this basic model, for an individual with nean incone
and travel costs, an indifference curve for the enpirical quadratic utility
function, the budget constraint through (u,,0), and the fitted maxi mum
attainable Indifference cume are shown in Figure 1.

Usi ng the basic constrained nodel that assumes one conmon utility
function for all respondents, it is possible to use equation (18) to conpute
fitted values for the equivalent variation (either for ‘each respondent, or at
the nmeans of the data). Across the 3366 respondents in this sanple, the
fitted values of E for a conplete loss of access appear in the first row of
Table Il (a - @.12 OQver the estimating sanple, the average point estimate
for the equivalent variation for a conplete |oss of access is $3451 (or,
alternatively, at the neans of the data, it is $3423). Mnimum and maxi num
val ues in the sanple are al so provided.

Table 1l also gives the model’s estimtes for the equivalent variation
associated with successively smaller restrictions on days of access (a denotes
the proportion of current consunption to which each individual’s access days
are restricted).13 For an across-the-board 10% reduction in fishing days, for
exanpl e, the average calculated utility |oss by these respondents woul d be
only $35, although values as high as $52 and as |ow as $19 can obtain, due
solely to different incomes and travel costs faced by different respondents.

The main policy interest in equivalent variations for partia
restrictions on access stems fromthe need to nake optimal allocations of

finite fish stocks between recreational” anglers and commercial harvesters. |f

2 For the single individual with average characteristics in Figure 1, this
quantity woul d be determned by taking the parallel downward shift in the
budget constraint which would | eave the new constraint just tangent to the
| ower indifference curve

B The conput ed equivalent variation, plotted as a function of a, is convex
when viewed from bel ow.
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Fogure 1 - Indifference curves at optinumand at zero access
days, for respondent with mean income and travel costs.




Table I11

Fitted Individual Equivalent and
Conpensating Variation Estimtesfor
the Basic (Constrained) Mdel (Table I1)

Val uati on mean max mn
Measur e:

Equi val ent

Vari ation

a - 0.0P $ 3451  $ 5132 $ 1857
e- 0.1 2799 4166 1505
a- 0.2 2214 3298 1190,
a- 0.3 1697 2529 912 *
a- 014 1248 1861 670
a- 05 867 1294 465
a- 06 555 829 298
a- 0.7 313 467 168
a- 038 139 207 75
a- 0.9 35 52 19
Conpensating

Variation

a- 00 $ 3560 $ 5361 $ 1899

® Since the same utility function is presuned for
all respondents, individual variations in
these quantities stemsolely fromdifferences in
income and travel costs.

® For access days restricted to the fraction a of
fitted current access days.
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faced with a proposal to cut back on recreational access, it would be
necessary to quantify the social |osses co recreational anglers, conmpare these
| osses to the anticipated gains accruing to comercial harvesters, and then to
argue that such a. redistribution of the catch would result in a potentia
Pareto inprovenent.14

The final row of Table Il provides, for conparison, the corresponding
conmpensating variation for a conplete loss of access (i.e. for a- 0 only).
As is typical, the conpensating variation for the loss is larger than the
equi val ent variation for the same loss. Here, however, the difference is
largely an artifact of the quadratic formchosen for the utility function
The concentric ellipses which formthe |evel tunes of a globally concave

utility function can be expected to have this “relationship.

B. Different Preferences Inplied by Real versus Contingent Data

Ve require both a constrained and an unconstrained specification if we
plan to use a formal likelihood ratio test statistic to determne whether the
utility parameters inplied by the CWM data al one are consistent with those
estimated jointly using both CW and TCM data. The constrained specification
(the basic model just described) appears in the first pair of colums in
Table |1

For the unconstrained nodel, the demand information necessary to conpute
t he endogonous quantity in the CWM discrete choice nodel is calculated using
only the utility function parameters for the CVM portion of the nodel. W

therefore allow the discrete choice CW nodel exclusively to inply values for

' I'n a richer specification, with enough shift variables to nore closely
capture the variations in quantity demanded, it would be an interesting
exercise to assess total aggregate |osses due to restrictions of access to
specific nunbers of days. The present data are not appropriate for simulating
these policy changes.
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B,. Bys By» B,, and Bs. The observed TCM demand decisions will inply separate
val ues for g*, g%, g*, and g,*.

The second pair of colums in Table Il displays results for an
unconstrai ned nodel corresponding to the first pair of colums in the sane
table. The point estimates do not bode well for the consistency of the
preferences elicited by the two types of responses. First of all, it is
especially unsettling to note that the quadratic direct utility function
implied by the CVM data al one does not even conformto the regularity
condi tions expected of a valid utility function. At the means of the data,
the inplied marginal utility froman additional access day is negative; there
is also increasing marginal utility with respect to the conposite good. The
TCM quadratic direct utility paranmeters, however, are thoroughly acceptable.
(The only link between the two submodels is the estimted error correlation,
P.)

Neverthel ess, there nust still be some information about preferences in
the CVWM data, and the recorded responses on these su~eys dictate these
particul ar paranmeter values. W can certainly still conpare the maxim zed
value of the log-likelihood in the constrained and unconstrained nodels in
order to assess whether the inposition of cross-equation paraneter
restrictions is tenable. A likelihood ratio test for the set of four
parameter restrictions enbodied in the “basic” nmodel soundly rejects these
restrictions.® For this quadratic specification, the CW+ and TCMelicited

preference functions are different.

Bt may be suspected that the TCM estimates systematically understate the
true value of access (due to underestinmates of the actual opportunity costs of
access) and that the C/M estimates systematically overscace the true value of
access (due to the incentives enbodied in the way the question was posed). |f
data deficiencies nmake it too inplausible to force conpatibility of these
responses with a comon underlying set of preferences, the researcher would of
course be free to report the two types of value estimates separately.
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For a respondent with mean characteristics, Figure 2 shows the enpirical
i ndi fference curves passing through the bundle (QY) for (i.) the “basic”
constrained nmodel and (ii.) the demand portion of the unconstrained nodel.

The greater curvatrue of the indifference curve for the restricted paraneters
inplies that E (the equivalent variation) based on the joint nodel, will be
substantially larger than E based on observed TCM market demand behavi or
alone. For the unrestricted TCM demand paraneters, the fitted equival ent
variation at the means of the data is only $1686 (versus about $3451 for the
constrained nodel).

The inplied inverse demand functions corresponding to the different sets
of preferences inplied by the joint nmodel and by the unconstrained TCM nodel
are shown in Figure 3. \Wen the CWM responses and observed TCM demand
behavi or are constrained to reflect the same set of quadratic preferences, the
reservation price is about $409. The unrestricted TCM demand behavior inplies
a nuch lower reservation price. Thus the CW (i.e. hypothetical market)
scenario does seemto invite respondents to overstate the strength of their
demand for resource access, as one might suspect (and/or the TCM indirect

market data understates the strength of denmand).

c. Differing Reliability for Real versus ContingentData

The basic nmodel (with or without the utility parameters constrained
across the two sub-nodels) reflects the presunption that the decisions which
respondents claim they woul d make under the hypothetical scenario proposed in
the CVM question deserve to be treated as equally credible when conpared to
their actual nmarket behavior regarding nunber of fishing days demanded. This
need not be the case.

In other research on CVM (Canerormnd Huppert, 1988), Monte Carlo

techniques were used to denonstrate the wi de range of referendum CVM val ue
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estimtes which can result sinply as an artifact of the arbitrary assi gnment
of the threshold values on the questionnaires. One conclusion in that study
was that researchers shoul d probably insist on vastly |arger sanples for
referendum CWM data, in order to offset the inefficiencies in estination which
result fromthe highly diffuse information in referendum responses. By
itself, this property of referendum data might be sufficient to warrant a

di scounting of its credibility when it is conbined with "point” information
fromthe same sized sanple.

Fortunately, researchers are free to use their own prior opinions to
adjust the relative credibility of each type of information. This can be done
in an ad hoc fashion, by enploying non-unitary weights on the respective terns
in the log-likelihood function (see Appendix 1V). Alternately, it can be done
more rigorously, by making assunptions about the variances of t he
distributions of the estimated g paraneters around the “true” nean of the 8
vector. 16

In the discussion that follows, we assume that CW data are presuned to
be less reliable than travel cost data, since this has been a typical
sentiment anong researchers in this area. However, the demand information
inferred fromthe travel cost data is also likely to be unreliable, especially
since TCM applications often assune that the opportunity cost of access is
constant as access days increase. |f opportunity costs rise, as they nost
likely do, TCMwi |l underestimate the inplicit value of access, perhaps

severely. " N'so recall that we do not inpute an arbitrary value of trave

5 ve owe this hel pful suggestion to Ed Learner

Iy i ncreasing opportunity costs of access can be captured in the data
there exist econonetric strategies for dealing with non-linear budgets sets
which coul d undoubtedly be adapted to this type of problem (See Hausman,
1985.)
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time in this study. Depending upon the relative qualities of the two types of
data, then, appropriate discounting of each type of information can be decided

ex ante.

Uilizing Explicit Priors on the Distributions of g and g%

Let 8 continue to denote the utility parameter estimtes derived from
the CW data, and let ~ be the utility parameter estimates fromthe TCM data.
Let g% signify the true but unknown utility parameter vector. (Wthout |oss
of generality, we can normalize the second elenment, g,, to unity in all three
cases.) Now assune that conditional on the true g*, g and g" are
statistically independent and that the elements of gyg* are distributed
N(1,¢% and the elenments of g%/8" are distributed N(1,6'%). (These us are
distinct fromthe unidentifiable probit regression variance enployed in
section I11.)

The researcher is free to nake prior assunptions about the nagnitudes
and relative sizes of ¢* and 0**, and this prior information can be
incorporated into the log-likelihood function in (7) as follows. Note that
B, B and 8" are now al| estimated separately, so the paraneter space is

increased. The additional log-likelihood termwll be:

(20) -n log2x - n(log ¢ + | 0g u*)
“(1/2) = ( (B/E")-11%/0* + ((B°/8)-11%/0" ).

Maxi m zation of the augnented |og-1ikelihood with respect to the vectors of

variables 8, g*, 8%, v, and p, given presel ected val ues of 2 and 0e 2 will

yield, for the nmodel with identical consuners, fifteen distinct paraneter

esti mat es. 18

Bt is not possible to optimze this Iikelihood function also with respect
to ¢ and e*. The algorithmw |l drive these values to zero.
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VWhat are the consequences for our ultimte estimtes of the equivalent”
variation for a conplete |oss of access? In Table IV, the first colum,
reproduced from Table Il, reflects an inplicit assunption that o - ;- 0.

(The inplied Mrshallian demand parameters corresponding to the CVM portion of
the nodel are given in the second colum.) Nothing is “tying together” the
two sets of estimates for the utility parameters, so they are very different

i ndeed.

In contrast, for arbitrarily selected standard errors a - 1.0 and
o* - 1.0, the third colum of Table IV displays the revised estimtes of gand
g* along with the additional, separate, estimates of the true g'. (The
fourth colum again shows the Mrshallian demand paraneters inpliedby the CWM
3 estimates.) Utinmately, of course, we are interested inthe val ue
inplications of the estimates. At the neans of the data, these “tree” B!
paraneters inply en equivalent variation for a conplete |oss of access of
$3378 (which is very little different fromthe $3423 «t the neans of the data
for the basic nodel),

To illustrate a nmore-extrene case, we also include another pair of
colums in Table IV. In this case, the assuned standard error of g/ (for
the CVMparameters) is increased to 3.0. A standard error this large woul d
seemto discredit the CvMdata substantially.  The assunption of poorer-
quality information has the anticipated effect upon the precision of the three
sets of utility parameters inthe nodel. The asynptotic t-ratios for all of
the different g parameters drop substantially, with the coefficients on z*
and zq becoming insignificant in all three cases. However, the resulting
equi val ent variation according to g' shrinks only to $3124.

To assess the sensitivity of the parameter estimtes and the welfare

inplications to different assunptions about the distributions of g and g*



Table IV

Joint Mdels with Separate CW and TCM Paraneters
(CW end TCM di scounted by di sproportionate variances)

no o, o%, ﬁT

g, - 1.0 e - 3.0
- 1.0 i - 1.0
Par areter Poi nt I'nplied Poi nt I mpl i ed Poi nt [ npl i ed
Est. B> Est. g Est. rrg*
8, (2) 1,276 0. 04530 3,421 28.11 3,930 30. 07
(0.7457) (8.361) (2.989)
8, (0) 28. 17 0.1217 1.0 0. 1307 1.0
(2.573) (16.67) (13.18)
8, (242 1,498 0. 05318 -0.1383 -1.136 -0. 2572 -1. 968
(2.834) (-1.883) (-0.5393)
8, (20) 2.263 0. 08033 0.002157  0.01772  0.002038  0.01559
(2.147) (1.909) (0. 7828)
8 (¢%12) -502.3 -17.83 -0.007072  -0.05811  -0.007873  -0.06024
(-1.311) (-14.36) (-6.875)
B *=B./8, “5.89 28. 48 32.56
(5. 756) (9.323) (2.679)
B*=5,/8, 1.0 1.0 1.0
By*=8,/8, -10. 89 -1,135 -1,945
(-2.428) (-1.846) (-0.5421)
B.*=B,/8, -0, 01749 0. 02069 0. 01561
(-0.9029) (1.793) (0.7751)
By*=B,/8, -0. 04739 -0, 05714 0. 05596
(-14.97) (-25.74) (-14.74)
8,7=8,7/8," 28.30 32.33
(9. 484) (2.707)
B1T=817/8," 1.0 1.0
B3 =B3T/8,T -1.136 -1.947
(-1.845) (-0.5418)
B,T=8,/8,T 0. 02068 0. 01560
(1.794) (0.7751)
BsT=851/8,T -0. 05763 -0. 05641
(-23.35) (-13.87)
u 15.97 16.01 16. 00
(82.04) (8. 95) (81.87)
P 0. 2505 0.2317 0.2331
(9. 749) (9. 120) (9. 090)




29

(relative to g%, one can performa grid search across different values of a
and o* to produce a range of values for the “true” g% coefficients and for the
inplied equivalent variations. These are summarized in Table V.  (Since these
functions are extrenely expensive to optinize, we provide results only for
conbi nations of ¢ and o* where ¢ > a*. It seenms likely, a priori, that the
CV data are at |east as noisy as the TCM data, although both nay be
questionable. ) The inplied equivalent variations, B for each set of error
assunptions, appear in bold print, inmplying a surprising robustness of the
value estimates to differing reliabilities of the two types of data.

VWhat conclusion is inplied? A very wide range of different assunptions
can be nmade about the relative reliability of CV™M and TCM data, wi thout
producing too much difference in the ultimate welfare inplications of the
fitted preference functions. This result should be greatly reassuring,
although it is conditional upon the maintained hypotheses of quadratic direct

utility and has been denonstrated for this one sanple only.

D. Accommodating Respondent and/or Resource Heterogeneity

The nodel s described above have presumed that these respondents are
homogeneous on all di mensions other than income, Y, proposed tax, T, nunber of
fishing days, q, and typical narket expenditures, M It is a sinple matter
however, to relax this assunption.

For exanple, one can explore the effects of allowing the utility
paranmeters to vary continuously with the [ evel of a sociodenographic variable.
In the ad hoc valuation nodels explored in Cameron, Cark, and Stoll (1988),
it was found-that the Census proportion of people in the respondent’s zip code

who report thenselves as being of Vietnamese origin, PVET, seened to be



Table V

Results of Gid Search across Different Error Assunptions
For the Distribution of the CW and the TOM Paraneter Vectors

Travel Cost
Conti ngent I nformati on:
Val uat 1 on
I nformati on: U- 0.5 1.0 1.5 2.0 2.5 3.0
0
0.5 al ; 27.90
By -1.021
Bux 0.02139
Bs -0. 05742
EV o t neans:? $3412
1.0 BT 28.15  28.30
83T -1.070  -1.134
B 0.02108  0.02070
Bs -0.05735 -0. 05763
EV at means: $3395 $3378
1.5 8T 28. 64 28.75 29.01
B3 1177 -1.224  -1.336
Buy 0.02043  0.02013  0.01944
B -0.05720 -0.05750 -0.05796
EV at means: $3364 $3348 $3320
2.0 B17 29. 39 29.53 29.74 30.10
837 -1.331  -1.391  -1.482  -1.636
Bur 0.01967  0.01910  0.01852  0.01852
Bs -0.05698 -0,05725 -0.05773 -0.05773
EV at means: $3317 $3300 $3272 $3233
2.5 813 30.53 30.64  30.84  31.10  31.51
B3, -1.966  -1.614  -1.702  -1.820  -1.998
Buy 0.01802  0.01770  0.01712  0.01633  0.01516
Bs -0.05665 -0.05692 -0.05738 -0.05805 -0.05892
EV at means: $3245 $3229 $3202 $316S  $3116
3.0 81z 32.17 32.32 32.51 32.77 32.96 33.08
B3y -1.887  -1.945  -2.025  -2.142  -2.247  -2.347
Bim 0.01600  0.01561 0. 01S06  0.01427  0.01350  0.01270
B -0.05617 -0.05642 -0.05686 -0.05769 -0.05840 -0.05963
EV at means: $3141 $3125 $3099 $3062 $3019 $2970

“The values for EV may or may not be statistically significantly different.
They are the solutions of the elaborate quadratic formulas given in
equation (18) in the body of the paper.
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influential in a wde range of models.19 Allowing this variable to shift the
parameters of the quadratic utility function, one can replace the constant 8,
by the varying paraneter (8, + v,PVIET)) for j - 1,...,5. Table VI
denonstrates that the PVIET variable does indeed nake a statistically
significant difference to the overall fit of the nodel and to the paraneters
of the utility function. 20 Individually, only v, reflecting the additiona
curvature of the utility function with respect to fishing access days, is
statistically significantly different fromzero. However, the whole set of
shift terns is jointly significant according to the likelihood ratio test
statistic value of 28.40 (where X?OAS) - 11.07).

A visual display of the effect on preferences of allow ng for
heterogeneity with respect to the PVIET variable is displayed in Figure 4. As
benchmark |evels, PVIET=0 and PVIET=.02 are selected. (MaximmPVIET in the
sanple 1s 0.0649). Oher than this distinction, the indifference tunes
pertain to individuals both having the overall sanple’s mean incone and trave
costs .

The higher the proportion of individuals of Vietnamese ancestry in the
respondent’s zip code, the greater the cu~ature of the indifference tunes,
and the larger the inplied equivalent variation for a loss of access to the
fishery. Current optinmal nunbers of days are simlar for the two
representative anglers, so the large discrepancy between the vertica
intercepts of the two enpirical indifference curves suggests that while the

two soci oeconom ¢ groups exhibit simlar current behavior, they respond

% This is consistent with anecdotal evidence which suggests than nany people
in this socioeconomc group supplement their diets wth “recreationally-
caught™ fish.

20 Both the income and PVIET variables are certainly measured with a degree of
error due to reliance on Census zip code neans. Wth specific data at the
i ndividual level, the following results would certainly be sonmewhat different,



Table VI

Jointly Estimated Model;
Het er ogeneous Wility Function
(varies with proportion Vietnanmese)

Coef fi ci ent
and Vari abl e

Estimate

(asy. t-ratio)

B, (2) 2. 897
! (2.761)
8, (1) 0.1195
(14.87)
B, (z%/z 0.1210
(0. 3711)
B, (z0) 0. 003829
(1. 800)
Bs (4%12) -0. 007125
(-21. 84)
v, (zPVIET) 96. 64
(0. 7534)
72 (qPVIET) -0. 08279
(-0.09106)
7., (z2PVIET/ 2) -58. 89
(- 1. 467)
7. (2qPVIET) -0. 3573
(- 1. 395)
15 (G2PVIET/2) 0. 08352
(6. 583)
u 15. 95
(81.93)
» 0. 2302
(8.971)
Max. | ogL -15693. 972

“Compare to basic nodel in Table II.
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systematically differently to the hypothetical CWM question. Respondents from
zip codes with higher proportions of population with Vietnanmese ancestry are
more inclined to claimthat they would continue to fish despite substantia
annual access fees. Figure 5 shows how these different preferences translate
into systematically different inverse demand curves. The demand curve for the
PVIET - 0.02 group is situated considerably further out than that for the
PVIE - 0 group

Wiat is the policy significance of the finding that preferences for
fishing access can vary across sociodenographic groups? Different preferences
imply that any policy neasure the government mght contenplate will have
distributional consequences. This wll be true whether the policy affects
real incomes or the relative price of access or if it consists of access
restrictions. Distributional effects can be of critical inportance in policy-
maki ng

Ethnic differences are just one of a variety of sources of heterogeneity
whi ch coul d be recognized explicitly in resource valuation nmodels of this
type. For models intended to allow sinulation of specific policy neasures, it
will also be inportant to incorporate dinensions of heterogeneity which can be
affected by these policy actions. For exanple, individual values for access
to a recreational fishery are affected not only by angler characteristics, but
also by attributes of the resource in question. In one illustration, for a
subsanple of this dataset, we have addressed the effects on social value of
respondent’ s perceptions about pollution |evels (Cameron, 1988b).  Not
surprisingly, deteriorating environmental quality reduces the demand for
access and dimnishes the social value of the resource. Likewise,

i nprovements increase social value. This type of nodel can be used to
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simulate anticipated social benefits’ accruing to recreational anglers if
government or private expenditures are devoted to cleanup efforts.

W have al so supplenmented a subset of the survey data used here with
i ndependent |y gathered data on the abundance of the prinary ganefishing target
speci es (Cameron, 1988c). The experinent reveals that ganefish abundance
makes intuitively plausible and statistically significant differences in
preferences and therefore in the social value of the resource. This type of
model can be used to sinulate the social benefits to recreational anglers as a

consequence of fish stock depletions or enhancement mogrmm.21

VI, CONCLUSI ONS AND CAVEATS

Afully utflicy-theoretic specification distinguishes this analysis from
much earlier enpirical work on the valuation of non-market resources. By
concentrating on identifying the underlying preference structure for access
days versus all other goods and services, theoretically sound neasures of
access val ues (equivalent and conpensating variations) can readily be
produced

Several features of the “basic” nodel should be enphasized. First, it
starts from an assunption of quadratic direct utility, presumed to explain the
hypot heti cal contingent valuation responses. Second, the associated non-
| inear Mrshallian demand functions are enployed to explain the observed
demand deci sions by the respondents (a “travel cost” type of model). Third,

the corresponding paraneters in the utility and the demand functions are

% For our three exanpl es of how respondent and resource heterogeneity can be
accommodated in this prototype nodel, we have assunmed that these sources of
heterogeneity are nutually orthogonal, so that they may be entered
individual |y and separately. For sufficiently large surveys, the conplexity
of these heterogeneous nodels is limted only by the variables upon which data
have been collected and by conputing capacity. Very elaborate nodels can
potentially be acconmodat ed.
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constrained to be identical. Fourth, the quantity demanded under the CWM
scenario is fully endogenized. And finally, unobservable attributes of
respondents are allowed to affect both types of responses simultaneously
through a non-zero (estimted) error correlation

The “basic nodel” forms a mninal prototype for nmodels in a w de range
of applications in resource valuation. However, this paper has al so described
a variety of inportant extensions--potentially very relevant to subsequent
researchers.  “Prior” assunptions about the relative qualities of the
hypot hetical CWM questions and the “real” travel cost data can be used to”
modi fy the influence of each of these responses during joint estimtion the
utility paraneters, Exanples have also denonstrated that it is
straightforward to allow the paraneters of the quadratic preference structure
to wysystematically with the levels of (exogenous) respondent or resourco
attributes.

To review the central enpirical findings (for these data, in conbination
with the assunption of quadratic preferences), the “basic nodel” yields a
sampl e average fitted equivalent variation of $3451 for a conplete |oss of
access to the fishery. In contrast if ccess days for each individual were
restricted by only 10% the average equivalent variation would be only $35.
The inplications of the nodel for small local variations are probably nore
reliable, although in this case, the conplete loss is explicitly “within the
range of the data” because of the information extracted fromthe CWM
responses.

Some caveats shoul d be enphasized. Tho sanple for this application was
consciously trimmed al ong a nunmber of dinensions. Mst notably, anyone who
reported fishing nore than 60 days per year was dropped fromthe sample. Wen

attenpting to fit a single utility function to an entire sanple, the
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assunption of identical preferences nust be at |east roughly tenable. People
who fish nore than 60 days per year probably have fundamental |y different
preferences. Wth enough detailed information about the exogenous

soci odemographic attributes of these individuals that mght account for these
differences, one could acconmodate broad heterogeneity. This survey, however,
provides little such information. In order to highlight the capabilities of
the model (w thout obscuring the relationships due to unrecognized
heterogeneity), it is necessary to disenfranchise sone extrenely avid anglers.
Consequently, if these average values are scaled up to the popul ation of
anglers, the total wll underestinmate the true value of the fishery.
Fortunately, with nore detailed surveys (and future generations of conputing
hardware and software), nore conprehensive nodels will certainly be

practi cabl e.

Froma policy standpoint, it is also critical to enphasize that in nany
applications, the benefits conputed for the group of resource users
represented by the survey sanple will conprise only a portion of the total
soci al benefits generated by the resource. Non-consunptive use of the
resource will often be substantial: option and existence value can sonetinmes
be larger by orders of magnitude than the user values inplied by survey such
as the one analyzed in this study. The dollar measures of benefits produced
here, for exanple, are only a lower bound on the total social benefits enjoyed
by residents of Texas, the rest of the United States, the continent, or the
entire world

Met hodol ogi cal 'y, this research has denmonstrated that it is indeed
feasible, and probably highly desirable, to enploy referendum contingent
valuation data in the context of a fully utility-theoretic nodel whenever the

quality of the data justify such an effort. These results al so denonstrate
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that forcing contingent valuation utility parameter estimtes to be consistent
with observed demand behavior can have a substantial effect on the estinmated
preference structure, the inplied demand functions, and ultimately on the
apparent social value of the resource or public good.

It has al so been denonstrated that jointly estimating the
di screte/continuou8 choi ces of respondents without paraneter constraints
allows a rigorous statistical check of the consistency of the hypothetical CWM
responses with demonstrated real market decisions (conditional on the
functional form chosen for utility). The inplications of this dimension of
the problemare being explored in greater depth in some foll owup research
Previous validation studies have typically relied on entirely separate nodel s
for CWM data and other types of data, such as travel cost information or
mar ket experinents. This earlier strategy allows conparisons of point
estimates of value, but precludes any statistical assessments of the degree of
simlarity between the results. In contrast, the joint nodels presented here
permt standard |ikelihood ratio tests. For this sanple, the hypothetical CW
data and the obsemed TCM data appear to inply sharply different sets of
preferences if conpletely independent sets of utility paraneters are
estimated. In other applications, however, consistent responses under the
real and hypothetical scenarios nay be readily accepted. Such a finding woul d
reinforce the credibility of contingent valuation procedures in those
contexts.

Wen CVM and TCM data are combined in the estimation process, in order
to exploit all of the information available, it has been denmonstrated that the
researcher can systematically acconmodate into the estimation process any

prior opinion regarding the relative reliability of the two types of data. It
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Is possible to like the two source of preference information w thout forcing
the inplied utility function to be exactly identical

In sum this research denonstrates the value of combining both
contingent valuation and travel data whenever possible. Pooling of these two
types of valuation information allows the advantages of each technique to
tenper the di sadvantages of the other. Making the underlying preference
structure of consunmers the core of the analysis facilitates joint modeling of
the two decisions. It also allows a rigorous assessnent of the probable
responses of individual consumers under a w de range of sinulated
counterfactual scenarios, and permts welfare estimtes which are consistent

wi th neocl assi cal macroeconom c theory.
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APPENDI X |

An Alternative Interpretation of the Contingent Valuation Question

In this study, an alternative interpretation of the C/M question is
concei vably possible. Perhaps respondents think of the access fee T as
inplicitly reflecting a price change at their current consunption |evel
q(y,M, rather than a lunp sumtax. They may interpret the question as asking
whet her or not they woul d choose non-zero access days if the price per day
went fromMto M(T/q(Y,M). In this case, the the CW question would seemto
be asking respondents whether their post-price change optiml consunption of
access days would be positive. (l.e. if their optiml number of access days
was negative, their highest utility would correspond to zero access days,
providing that preferences are well-behaved.) The results reported in this
paper have enphasized the “lunp sumtax” interpretation, but sone results for
the alternative “price change” interpretation are provided here for
conparison, since the interpretation does affect the resulting estimtes of
resource val ue

Rather than the utility-difference underlying the discrete response in
equation (5),this projected optimal consunption level would “drive” the
di screte choice portion of the nmodel. A “yes” response inplies that the
respondent’s optimal consunption of access days under the hypothesized
scenario is positive. A “no” would nean that optinal consunption woul d
actually b. negative, but zero days are the fewest which can be consumed. The
“yes/no” response thus provides censored information regarding the magnitude
of optimal quantity demanded. Unlike conventional probit nodels, where the
| ocation of the distribution is unknown (and therefore set arbitrarily to
zero), the “threshold” in this case is exactly zerodays. asabove, B(x,.8)

wi || be adopted as the generic representation for the Marshalllan demand
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function corresponding to the quadratic utility nmodel, where the variables x
include income and the “price” of a day of access. As in Section IIl, v can
be used as the same (constant) standard error of the conditional distribution
of quantities demanded. The magnitude of v can be inferred from observed
consunption under current prices, so the conditional dispersion of the
unobservabl e dependent variable in the CW nodel is “known” (in contrast to
the conventional probit situation).

Providing, then, that it is reasonable to assume that real and
hypot heti cal behavior are derived fromthe identical set of underlying
preferences, the discrete responses to the CW question can be used to
suppl ement the estimation of the underlying demand paraneters. Specifically,
the expression (f(xL,~)/a) in equations (5) and (7) will be replaced by
g(x,*,8)/v, where x* includes current actual income, but price Mis replaced
by the hypot hesi zed (MT/q(Y,M).

One difference under this interpretation of the CV question is that
this specification no longer allows identification of the individual utility
paraneters (Pl through g,, up to the scale factor, a, of the unobservable
dispersion in the latent variable driving the CW response). (nly the demand
paranmeters, PI*, Bg*, B*, and B.* and v can be identified. Fortunately, the
utility function is invariant to the scale of the parameters and arbitrarily
setting 8, “- 1 will result in exactly the same inplications in terns of
optim zing behavior.

The denmand paraneter estimates for the utility function under this
fundamental |y different interpretation of the CW question appur in
Table 1.1. It is not surprising that the point estimates differ

systematically fromtheir counterparts in the body of the paper.



42

For this version of the joint nodel, the marginal utilities at the neans
of the data are positive; the price elasticity of demand for access days is
about -0.035; the income elasticity is 0.11. The inplied global optinumis
20. 2 access days and $78212 in nedi an househol d i ncone.

Wiile the fitted utility function under this interpretation is
conpletely plausible froma theoretical standpoint, the inplications of this
model are quite a bit different fromthe “lunp-sumtax” interpretation. The
sanple nean of the fitted equivalent variations for a conplete |oss of
resource access, according to these preferences, is markedly higher, at $7386
(with standard deviation $2244). (Cearly, subsequent surveys will have to be
very careful in conveying to respondents exactly what type of scenario is
intended, since the interpretation of the question can make al nost an order of

magni tude difference in the results.



Table 1.1
Mdel with CW™ Question Interpreted as Price Change

Par anet er Point Estimte
(asynp. t-ratio)

Bl* (Z) 19. 80
(5. 366)
B2* (0) 1.000
By* (2212) -2.613
(-2.573)
Bu* (z0) 0. 03155
(1.726)
Bs* (g2l 2) -0.06163
(-18.23)
v 16. 18
(86.75)
0 0. 08754
(3.080)

Max. LogL -15708. 12
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APPENDI X |1
Alternative Direct and Indirect Utility Specifications

O her linear-in-paraneters functions that have been w dely used
enpirically include tha translog and tha generalized Leontief specifications.
The translog is quadratic in the logarithms of the arguments, but it is
critical for the basic model in this paper that direct utility levels be
defined and non-zero when consunption of one commodity (namely, recreation
days) goes to zero. This disqualifies the ordinary translog nodel, since this
function is only defined over strictly positive quantities of each gomizz

The generalized Leontief specification satisfies the boundary
requirements, and is generally considered to be a nore “flexible” functiona
formthan the quadratic. However, while a generalized Leontief indirect
utility function can readily be differentiated to yield Mrshallian demands,
this simlar functional formfor the direct utility function yields
Marshal lian demands which are prohibitively conplex.

Enpirical research on consuner decisions has sometimes enployed the
Stone-Geary utility function and its corresponding “linear expenditure systent
demand equations. This specification may at first seemattractive, but it too
is only appropriate when one is considering interior consumer optima. In this

case, the utility function would be:
(11.1) u(z,a) - (z - B8) ~ (q- By

The corresponding demand for fishing days will be given by:

2 One could, of course, shift the utility surface one unit towards the origin
along the dimension of each good by adding ona to each quantity within the
functional formfor the translog direct utility. However, when the direct
utility function, rather than the indirect utility function, takes on a
translog functional form the associated Mirshallian demand functions are
awkward to derive; they are even nore awkward if the function I's additively
shifted.
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(11.2) q=8,+ @B/ LY - 8 - 8, 9]

where the price of the conposite good, z, has again been nornalized to unity.

This utility function is not linear in paraneters, so initial estimates
cannot be obtained via a conventional maxi num |ikelihood probit package. But
there is a bigger problem stemming fromthe necessity of considering utility
level s for zero days of access. In particular, the systematic portion of the
utility difference function, which would formthe non-linear “index” function
for the discrete choice portion of the model, would take the follow ng form

8, A, 8,
(11.3) AU - [(Y-MT) - 8] [qg- 8] -[Y-81 [-58]

B,

The problemfor estimation stems fromthe last term The coefficient g, is
often fractional. Attenpting to take the g,-reot of a negative nunber can be
expected to create difficulties. Furthermore, the usual interpretation of g,
is that is represents “subsistence” consunption levels of comodity ¢, so
negative val ues of the paraneter itself are unlikely to result, or to be
defensible intuitively, if they do. As expected, in attenpts to estimate this
nodel using the data enployed in the rest of this study, the algorithm
persistently failed.

The quadratic formis a useful |ocal approximation to any arhitrary
surface. Why not then expand to third-order ternms? Several of the quantities
of interest which are derived fromthe calibrated nodel necessitate solving
the fitted utility function for the value of one of its arguments. The
standard fornula for conmputing quadratic roots is straightforward to use. The
formulas for the roots of cubic equations are considerably |ess easy. (See

CRC, 1981, p.9.) However, continuing enpirical research explores such forns,
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since the results for quadratic utility specifications suggest that a higher
degree of paranetrization mght be mmpmted23

Cont enpor aneous wor k by Huppert (1988) enploys an alternative strategy
in the context of a standard sinmultaneous equations nodel. He begins with a
sinple functional form (log-linear) for the Mrshallian demand specification
and accepts the corresponding (unnamed) functional formfor the underlying
utility function. Huppert’s paynment card contingent valuation responses are
treated as a continuous variable, so that the joint estimation of the utility
and demand paraneters can be acconplished via standard packaged simultaneous
non-linear |east squares algorithms.

It is interesting to conpare the results derived using a quadratic
direct utility function (and inplicitly its associated indirect utility
function) with those derived for a nodel that begins with an indirect utility
function which is quadratic in prices and inconme. This will inply a very
different function formfor the direct utility function

If indirect utility, V, is quadratic in the price of z, the price of q
(i.e. M, and income Y, the terms in the unitary price of z will be absorbed
into a constant and into the coefficients on Mand Y. The effective

functional formwll be:
(11.4) . VMY) =a, M+a, Y+ a, /2 +a, MY + a, Y2

The corresponding Mrshallian demand for g is given by application of Roy's

I dentity:

23 The data appear to support cubed ternms in z and g, but the optim zation
al gorithm cannot seemto sett!e upon coefficients for the second-order
interaction terms, z2q and zg°>. The two cubed terns do make a statistically
significant inprovenent in the log-likelihood. function for the nodel
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(11.5) oY, M = - (3V/aM)/(38V/aY)

- (- a, - aM - a.Y)/(az+a‘M + asY).

or, normalizing a, to unity:

(11.6) QY M) = (- a* - e L a¥Y) /(1 + a M+ agY).

The respondent will decide to pay lunp sumtax T and continue fishing if

VIMY-T) > V(Y), i.e., if

(11.7) AV(Y,M,T) - £(x,,8) - a, M+ a, (-T)
tag W2 +a MY-T +a [(-T2- Y/2> 0.

3

The equivalent variation, E, which would |eave the respondent
indifferent between fishing and not fishing is given by the quadratic root E

of :
(11.8) a,/2 E- | a, +aM+a¥ 1l E+ [aM+ 03!43/2 +aMY |- 0

The joint nodel can be set up as in the text of the paper, except now we
have f(x,,8) - AV(Y,M,T) and g(x,,8) is replaced by the Mrshallian denmand
formula derived in this section.

The indirect utility approach has the distinct advantage that it does
not require endogenous determnation of post-tax quantity demanded, q(Y-T,M.
However, the direct utility specification corresponding to this representation
of preferences is prohibitively awkward to derive, so the intuitive advantages
of standard indifference curve diagrans are beyond our reach.

Nevertheless, it is straightforward to estimte the joint nodel of
indirect utility differences and the corresponding Mirshallian demands. W

have done so. The paraneter estimates appear in Table 11.1.
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Unfortunately, while the direct utility approach used in the body of the
paper easily satisfies the regularity conditions for a valid utility function
this is not the case for the quadratic indirect utility specification used
here.  V(MY) should be nonincreasing in M and nondecreasing in Y. A the
means of the data, however, the parameters given in Table 11.1 produce a val ue
o¢ 97.87 for avsaM and a value of -5.653 for 8v/aY. As a consequence of these
irregularities, the values we conpute for the equival ent variation associated
with a loss of access are nonsensical. |n other applications, however, the
indirect utility approach (possibly using alternative functional forms) may
prove to be satisfactory, or even preferable, to the direct utility nodel
especially if it 1s deemed unnecessary to provide enpirical indifference

tunes as a visual aid.



Table 11.1

Quadatic Indirect Wility Specification

Par amet er Point Estimte
(asymp. t-ratio)
B (M 75. 50
(6.642)
8,* (Y) -4.123
(-6.667)
By (WI2) -4936. 81
(-8.237)
B,* (MY) 11. 59
(3.374)
Bs* (Y2/2) -0. 4929
(-2.624)
v 15. 97
(82.04)
P 0. 2043
(8.506)
Max. LogL - 15957. 66

49
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APPENDI X 1]

Estimates in the absence of travel cost data
In some applications, Mmay be neasured accurately and nay be relative
constant across fishing days, but in other cases, it may not. Sonetines, the
researcher may be better off ignoring the questionable information on M and
using a sinpler “Engel curve’ nmodel as opposed to a “demand function” (where

equation numbers indicate revisions of the original specification):
(1) AU=U Y-T g) -UY 0)>0
If the data on Mare excluded, z will be identically Y.

(10') AUCY,T) - B, ([Y-T] - Y} + 8, ¢
+ By (V-T2 - Y212 + 8, [Y-TIqL + B, (g})22.

(117) oY) = [ 1+ B Y] /[ -8*1].

(17") 3q/3p - [ By(B,-BY) - 28,(B+BY) 1 | [By)°

89/8Y - -B,/B,.

In order to appreciate the benefits of joint estimation with income data
and nunbers of trips but in the absence of travel costs as proxy data for
prices, one can consider the estimates of the utility function paraneters when
the data on Min this sanple are ignored. Table 111.1 displays these results.
At the means of the data, these fitted parameters inply a utility function
with positive marginal utility from other goods, but very slightly negative
marginal utility from access days. This inplies that the utility function in
this case is not globally concave. The saddle point of the utility function
is located at 12.25 access days and $-47348. Nevertheless, the |evel curves

are still convex to the origin. At the neans of the data, the price
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elasticity of demand for access days s -0.125 and the incone elasticity is
0. 0682.

Figure 111.1 shows the effects on the fitted preference function of
ignoring travel costs in the estimation phase. As benchmarks, this figure
includes the “basic” indifference curve for a typical respondent (curve E) as
wel | as the indifference tune based on the CW portion (curve A) and the
demand portion (curve D) of the unrestricted nodel. Here, however, attention
shoul d be focused on the indifference curve for a nodel simlar to the basic
model except that the available data on travel costs are ignored (curve A)
Even this very “thin” information about narket demand pulls the paraneter
estimates a long way away fromthe unrestricted CVM estimtes depicted by
cunre A, Still, it is not clear in this application that the resulting (nmuch
smal l er) equivalent variation estimates will be superior to those generated by

the CW portion of the unrestricted nodel.



Table 111.1

Jointly Estimted Mdel Ignoring
Travel Costs (i.e. M- Q nly Engel
Curves from Observed Demand Enpl oyed)

B, (z 3. 586
2 (2) (1.342)
8 0. 1259
2 (9 (13. 19)
P (212) (% gé%%)
h e
B, (4212 (_ég.gg§213
U 16. 12
(81. 85)
p 0.2343
(9.076)

log L -15679. 17
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APPENDI X |V
An Ad Hoc Rewei ghing Schene

Researchers who work with maxi mum |ikelihood estinmation of nodels using
sanple data are by now very famliar with reweighing procedures for scaling
the influence of different observations to allow the sanple to more nearly
reflect the proportions of each types of person in the entire population
Each observation in the sanple is represented by one additive termin the |og-
l'i kel'i hood function, each bearing an inplicit unit weight. Non-unit weights,
based on cross-tabul ations performed on the population and on the sanple, are
conputed by calculating the ration of population proportions to sanple
proportions in each cell of the cross-tabul ation. Respondents who represent
undersanpled groups in the popul ation then have their contribution to
parameter estimation scaled up; oversanpled respondents are given weights of
| ess than unity to decrease their influence on the final parameter estimates.

If CWM and TCM responses are treated «s equally credible, the two terns
in the log-likelihood function in (7) corresponding to each type of
information each receive an inplicit unit weight. Fortunately, the
dismantling of the joint normal error distribution into a conditional tines a
marginal error distribution |eaves the error correlation, p, deternined
entirely within the discrete choice CW portion of the Iikelihood function
't see,ms feasible, therefore, to “undo” the CvWWand TCMterms in the
l'ikelihood function and to scale the influence of each type of information in
determning the final paraneter estinates.

If, for exanple, intuition suggests that the available CVM information
is only half as reliable as the “real” travel cost information, one m ght
change the weights on the CW terns in the log-likelihood function to 2/3 and

those on the TCM denand terns to 4/3 (so that the weights still sumto two).
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This ratio of the weights will be designated as a “reliability” factor of .5
for the CW information

G ven the maintained hypothesis of a quadratic utility function, one can
ask just how small the weight on the CW information woul d have to becone
before LR tests could just fail to reject the null hypothesis of paraneter
equival ence for the two nodels. For equal unit weights (relative weight -

1.0) the results for the constrained and unconstrained nodels from Table |

are reproduced in Table IV.1. The second pair of colums in that table show

t he consequences of decreasing the relative weight on the CVMinfornation
The relative reliability of the CW information has been. decreased to 0.1 and
it is still possible to reject the hypothesis of comon utility parameters.

I't would therefore be quite a“stretch” to bring the utility inplications of
the hypothetical CVM responses into |ine with observed demand behavior in this
particul ar application.

Still, the observed demand behavior mght itself be msleading if the
true opportunity costs of access are poorly proxied by travel costs. |t my
be inappropriate to expect the preferences inplied by the two types of value
information to be identical. Likew se, the sinple quadratic utility function
and honogeneous preferences may be too restrictive. Therefore, this finding
does not necessarily refute the equivalence of thetrue preferences underlying

these two types of responses. 24

24 ¢ have extendad the specification of the direct utility function to
include cubic terns in z and q. The data %{e not rich enough to support
separate parameters for the terms z2q or z( For the new “basic” nmodel with
seven utility parameters, the naximzed value of the log-likelihood function
is -15699.41. For the corresponding “unrestricted” model with separate CVM
and TCM paraneters, convergence has not been attained after several hundred
iterations, but the log-likelihood function has been driven «s high as
-15631.95, which is nore than adequate to reject the restrictions.



Table V.1

Joint Mbdels with Separate CWMand TCM Paraneters
(CVWM and TCM equal |y credible; CVM discounted by weighting;
CVWM di scount ed by disproportionate variances)

Par anet er Rel . wt. - 1.0.a Rel .wt. - 0.1
Basi c Unconstr. Basi ¢ Unconstr.
Model Mode 1 Model Model
B, (2) 3.909 1.276 7.840 1.290
(8.237) (0. 7457) (6. 385) (0. 2952)
8, (9 0. 1192 28.17 0. 1399 39. 43
(19. 55) (2.573) (12. 64) (0.9207)
B, (z212) -0. 1167 1.498 -1.036 1. 494
(-1.836) (2. 834) (-2.986) (1.111)
B, (0) 0. 002579 2.263 -0. 001093 3.157
(2.006) (2.147) (-0.6008) (0.8039)
Bs (q%2) -0.006837 -502.3 -0.007060 -983.3
(-22.80) (-1.311) (-13.47) (- 0. 4689)
B,*=B,/8, - 75. 89 - 76. 03
(5. 756) (7.703)
B,*=p,/B, 1.0 1.0
B,*=B,/B, -10. 89 -11. 88
(-2.428) (-3.567)
B *=8,/8, - -0.01749 - -0.02129
(-0.9029) (- 1. 495)
(-14.97) (- 20. 09)
v 16. 01 15. 97 15. 98 15. 97
(81.98) (82.04) (110. 5) (110. 6)
P 0.2315 0. 2505 0.2324 0. 2495
(9. 086) (9. 749) (4.030) (4.166)
max Log L _15708.17 - 15640. 610 -25938.13 - 25920. 04C

@ “Rel. wt.” is the size of the weight on the hypothetical CWM
information relative to the weight on the observed demand behavi or.

D LR test for hypot hesis of sane ~ paraneters for CVW and TCM utility
functions is 115.12 (when the 5%critical value of the X'test
statistic is 9.49 and the 1%critical value is 13.28).

° LR test for sane B paraneters is 36.1; still rejects hypothesis.
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I mpl ementing These Prototype Mdels in Qher Applications

The illustration in this paper pertains to the valuation of a particular
recreational fishery. However, the joint nodel developed here is potentially
applicable to the valuation of any non-narket good where consumers woul d have
to incur varying travel costs in order to engage in the process of
consunption. Individually, the travel cost method and the contingent
val uation nethods each have shortcomings. Inplications drawn fromtheir
conmbi ned evidence ere likely to be much nore robust.

Wile relatively good, the data used in this paper are still less then
ideal. The specific inplications of the fitted nodels described here nmust be
judged accordingly. But this research has provided vital groundwork for
future studies.

First, the sanpling procedures used in the gathering of the data
enployed in this study were not ideal. In particular, rotating sites for the
survey were chosen, and virtually everyone who passed during the 10 a.m to 5
p.m period was interviewed. This precludes “outgoing” surveys for avid
anglers who may be out well before 10 a.m , although many of these anglers
woul d be intercepted upon their return. A nmore serious problemis that we
cannot identify respondents who have been interviewed nore than once. At
best, we have a reasonable sanple of fishing trips, not anglers, so the
estimated preferences may be biased towards those of frequent anglers. This
probl em cannot be renedied with this data set.

It would be highly desirable to have individual-specific measures of
incone (and ot her sociodemographic variables). Census zip code neans are

hel pful, but nuch information is lost in using group averages as proxies for
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the true variables. If at all possible, the survey instrument should elicit
these data for each respondent.

The contingent val uation question should be phrased so as to make it
cl ear whether the hypothesized change is intended to be a |unp-sum change in
income (as nodeled in the body of this paper), or a change in relative prices
(as explored in Appendix I). This information is vital to the utility-
theoretic fornulation of the estimating nodel,and great care nust be taken to
ensure that the CWM question is conpletely unanbi guous.

The present survey asks about travel costs for the current fishing day.
\Wat the nmodel requires is typical costs for a typical fishing trip, or better
yet, enough information to construct the actual schedule of opportunity costs
as they increase with number of access days. This would make the travel cost
portion of the nodel nore reliable. The current nodel also nust presune that
i ndividuals fish most of the time at the sanme |ocation. Mich nore
sophi sticated analyses will be required in order to introduce site choice
modeling into this framework. 22

Respondents coul d be asked specifically about how sure they are
concerning their hypothetical responses to the CWM and travel cost questions.
This information could be incorporated into the weighting scheme for the auto-
validation of the CWM dat a.

Optton and exi stence values cannot be captured with the current data
set. Selection problens in the assessnment of recreation demand have received
consi derable attention recently (e.g. Smth, 1988). A random sanple of
househol ds in the target population could be contracted by tel ephone. If they

do not currently consume access days, quantity demanded will sinply be zero.

2S At present, site choice nodeling has been pursued in a largely atheoretic
multiple discrete choice framework. Blending the two approaches have to
wait for further conputer software and hardware innovations.
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Travel costs to relevant sites could still be elicited and appropriate CWM

questions could be formulated to allow extension of this nodeling framework to

non-use demands.



